
Ptolemy’s 

ALMAGEST 


Translated and Annotated by 

G. J. Toomer 



•Duckworth 



First published in 1984 by 
Gerald Duckworth & Co. Ltd. 

The Old Piano Factory 
43 Gloucester Crescent, London NW1 

© 1984 by G. J. Toomer 

All rights reserved. No part of this 
publication may be reproduced, stored in a 
retrieval system, or transmitted, in any 
form or by any means, electronic, mechanical, 
photocopying, recording or otherwise, without 
the prior permission of the publisher. 

ISBN 0 7156 1588 2 (cased) 


British Library Cataloguing in Publication Data 
Ptolemaeus, Claudius 
[Almagest. English] 

Ptolemy’s Almagest 

1. .Astronomy - Early works to 1800 

I. Title II. Toomer, G. J. 

520 QB41 

ISBN 0-7156-1588-2 


Photoset and printed by Photobooks (Bristol) Ltd. 





Contents 


Preface 

vii 

Introduction 

1 

Contents of the Almagest 

27 

Translation of the Almagest 

33 

Appendices 

649 

Bibliography 

673 

Index 

683 


'•"S 




Preface 


A new English translation of the Almagest needs no apology. As one of the most 
influential scientific works in history, and a masterpiece of technical exposition 
in its own right, it deserves a much wider audience than can be found amongst 
those able to read it in the original. The existing English translation by R. 
Catesby Taliaferro , 1 besides being difficult to acquire, is such that silence is the 
kindest comment one can make. The French translation by N. Halma, virtually 
unobtainable, suffers from excessive literalness, particularly where the text is 
difficult. The other modem version, Karl Manitius’ German translation, is on 
an entirely different level from these. It was done by a man who had studied the 
text and made a strenuous and on the whole successful effort to understand 
Ptolemy’s meaning and methods. I have used it constantly for twenty years, and 
those to whom it is familiar will recognise how much I owe to it. Nevertheless, it 
is not free from mistakes, and, to my taste, errs in the direction of paraphrasing 
where it should be translating. Most important, one can no lohger assume that 
those with a serious interest in history are able to read German with ease. I have 
been able to improve on Manitius’ translation, in part because of work 
published since he made it, in part because I had independent access to much of 
the textual evidence, notably the mediaeval Arabic translations. I have drawn 
attention to a few passages where I have noticed that he is in error, but I have 
made no systematic comparison between my translation and his or any other 
version. 

Every translator, and especially one dealing with an ancient language, is 
confronted with the dilemma of being faithful to the original and at the 
same time comprehensible to his readers. My intention was that this trans¬ 
lation should serve both those who know no Greek, as a substitute for the 
text, and those who do, as an aid to reading it. This has inevitably led to 
compromises. On the whole, I have kept closely to the meaning and structure of 
the Greek, even, on occasion, where this entailed abandoning idiomatic 
English. But I have usually broken up Ptolemy’s enormously long sentences 
(characteristic of Hellenistic scientific prose) into shorter units more suitable for 
English, and I have frequently substituted mathematical symbols (=, + etc.) and 
a symmetric presentation for the continuous rhetorical exposition of the ancient 
text. I have been liberal with explanatory additions, which are marked as such 
by enclosure within square brackets. Wherever the need to be intelligible forced 
me to a paraphrase, I give the literal translation in a footnote. 

It would have made what is an already big book impossibly unwieldy if I had 


For full references here and elsewhere see the Bibliography. 



viii Preface 

provided a full technical and historical commentary on the Almagest. 
Fortunately two recent works, by Neugebauer {HAMA) and Pedersen, are 
excellent guides to the technical content, and the former is also of considerable 
help on the numerous historical problems which arise from it. I have therefore 
confined my own commentary to footnotes on points of detail (referring to the 
above works lor expository treatments), and to an introduction giving the 
minimum of information necessary to understand and use the translation. 

In the course of making the translation I recomputed all the numerical results 
in the text, and all the tables (the latter mostly by means of computer 
programs). The main purpose of this was to detect scribal errors (in which I 
have been moderately successful). But my calculations incidentally revealed a 
number of computing errors or distortions committed by Ptolemy himself. 
Where these are explicable as the result of rounding in the course of 
computation they are ignored, since to list some thousands of slightly more 
accurate results which I have found with modern mechanical aids would invite 
Ptolemy’s own sardonic remark: ‘Scrupulous accuracy about such a small 
amount is a sign of vain conceit rather than love of truth’. However, I have 
noted every computing error of a significant amount, and also those cases where 
the rounding errors are not random, but seem directed towards obtaining some 
‘neat' result. I hope that this will shed some light on the problem of Ptolemy's 
manipulation of his material (both computational and observational) in order 
to present an appearance of rigor in his theoretical treatment which he could 
never have found in his actual experience. The problem is an interesting one, 
which deserves an informed and critical discussion. Unfortunately, the recent 
book on this subject by R. R. Newton provides nothing of the kind, but rather 
tends to bring the whole topic into disrepute. The only detailed discussion 
which is useful is that by Britton [1].“ This, however, is confined to certain 
classes of the observations. My own inferences from the computations tend to 
confirm Britton's conclusions about the nature and purpose of Ptolemy’s 
manipulations of his data. 

This book ow es much to the help of numerous people and institutions, w'hich 
I gratefully acknowledge here. The Bibliotheque Nationale, Paris, the 
Biblioteca Apostolica Vaticana and the Biblioteca de El Escorial provided me 
with microfilms of various Greek and Arabic manuscripts of the Almagest 
(detailed on pp. 3-4). I thank my colleague, David Pingree, Prof. Dr. Fuat 
Sezgin and Prof. Dr. Paul Kunitzsch for providing me with other microfilms 
and photocopies which I needed. Mr. Colin Have raft not only gave me the 
necessary encouragement actually to embark on a project which I had been 
contemplating for a long time, but also bore patiently with the repeated delays 
until the book was ready for publication. When B. R. Goldstein, who was 
already engaged in preparing an English version of the Almagest, heard that I 
had decided to make this translation, he generously abandoned the project and 
turned over his materials to me. I owe to these and to him several ideas about 
format and notation. My pupil, Don Edwards, detected a number of slips and 

" It i- s regrettable that this has never been formally published. It is available in Xerox copy from 
University Microfilms International, Ann Arbor, Michigan 48106. 



typing errors in my preliminary version, and performed many useful services in 
comparing the translation with the Greek text. Michele Wilson drew Fig. F for 
me. Janet Sachs provided invaluable help in preparing the typescript for 
publication and eliminating numerous mistakes. Several of my footnotes on 
difficult problems have been influenced by my discussions with Noel Swerdlow. 
Rather than trying to disentangle his contribution at each place, I here record, 
with thanks, the stimulus he has given to my thinking. N. G. Wilson answered 
my questions on points of Greek palaeography and went out of his way to 
examine manuscripts at my request. My colleague, A. J. Sachs, gave me the 
benefit of his unrivalled expertise on several points of Babylonian astronomy 
and Mesopotamian history'. To my colleague O. Neugebauer Lowe more than I 
can express here. Let me say only that it was he who first introduced me to the 
Almagest more than twenty years ago, that his own investigations of it (only 
part of which have been published in his monumental A History of Ancient 
Mathematical Astronomy) have been invaluable to me as an aid and as a model, 
and that many will recognize his draughtsmanship in several of the supple¬ 
mentary diagrams. As an inadequate token I dedicate this book to him. 


Providence, 1982 


G.J.T. 





Introduction 


1. Ptolemy 

For a detailed discussion of what little is known of the life of the author of the 
Almagest, and an account of his numerous other works, on astronomy, 
astrology, geography, optics and other mathematical subjects, I refer the reader 
to my article in the Dictionary of Scientific Biography (Toomer [5]). Here I 
mention only that his name was Claudius Ptolemaeus (KVao5ioq nxoXepaToq), 
that he lived from approximately A.D. 100 to approximately A.D. 175, and that 
he worked in Alexandria, the principal city of Greco-Roman Egypt, which 
possessed, among other advantages, what was probably still the best library' in 
the ancient world. 


2. The Almagest 

The Almagest is firmly dated to the reign of the Roman emperor Antoninus 
(A.D. 138-161). The latest observation used in it is from 141 February-2 (1X7 p. 
450), and Ptolemy takes the beginning of the reign of Antoninus as the epoch of 
his star catalogue (VII 4 p. 340). Although it is clear that Ptolemy had spent 
much time on it and that it is a work of his maturity (his own observations 
recorded in it range from A.D. 127 to 141), it has always been considered as his 
earliest extant work, because of the changes from it and references back to it in 
other works by him (for details see Toomer [5] p. 187). However, a recent 
discovery by Norman T. Hamilton (see IV n.51 p. 205) has shown that the 
‘Canobic Inscription’ represents a stage in the development of Ptolemy’s 
astronomical theory earlier than the Almagest. Since Ptolemy erected that 
dedication in the tenth year of Antoninus (A.D. 146/7), the Almagest can hardly 
have been published earlier than the year 150. 

As is implied by its Greek name, |ia0qjicmKf| auvxa^ig, ‘mathematical 
systematic treatise’, the Almagest is a complete exposition of mathematical 
astronomy as the Greeks understood the term. Whether there were any 
comparable works (i.e. comprehensive astronomical treatises) before it is not 
known. In any case, its success contributed to the loss of most of the work of 
Ptolemy’s scientific predecessors, notably Hipparchus, by the end of antiquity, 
because, being obsolete, they ceased to be copied. Whereas Hipparchus’ works 
are still used by Ptolemy’s younger contemporaries, Galen and Vettius Valens, 1 

1 E.g. Galen, On Seven-month Children , ed. Walzer 347, 350; Commentary on Hippocrates’ Airs 
Waters and Places (see GAS VI 98). Vettius Valens, Anthologiae 354. 
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Introduction: History of the Almagest 

by the early fourth century (and probably much earlier), 2 when Pappus wrote 
his commentary on it, the Almagest had become the standard textbook on 
astronomy which it was to remain for more than a thousand years. Thus its 
importance for us lies not only in its value as a historical source for earlier 
theories and observations, but also, and perhaps chiefly, in its influence on all 
later astronomy in antiquity and the middle ages (in both Islamic and Christian 
areas) down to the sixteenth century. It was dominant to an extent and for a 
length of time which is unsurpassed by any scientific work except Euclid’s 
Elements. 

No attempt can be made here to sketch even an outline of the history of its 
influence. 3 I mention only some points to which I will make reference in the 
notes to the translation. The position of the Almagest as the standard textbook 
in astronomy for ‘advanced students’ in the schools at Alexandria (and no 
doubt at Athens and Antioch too) in late antiquity is amply demonstrated by 
the partially extant commentaries on it by Pappus (c. 320) and by Theon of 
Alexandria (c. 370). In the late eighth and ninth centuries, with the growth of 
interest in Greek science in the Islamic world, the Almagest was translated, first 
into Syriac, then, several times, into Arabic. In the middle of the twelfth 
century no less than five such versions were still available to the amateur ibn as- 
Salah: a Syriac translation, two versions made under the Caliph al-Ma’mun 
(an older one by al-Hasan ibn Quraysh, and one dated 827/8 by al-Hajjaj), a 
version by the famous translator Ishaq ibn Hunayn ( c . 879-90), and a revision of 
the latter by Thabit ibn Qurra (d. 901). 4 Two of these translations are still 
extant, those of al-Hajjaj and Ishaq-Thabit. In them we find the title of 
Ptolemy’s treatise given as ‘al-mjstv’ (consonantal skeleton only). This is 
undoubtedly derived (ultimately) from a Greek form peyiatri (?sc. auvta^K;), 
meaning ‘greatest [treatise]’, but it is only later that it was incorrectly vocalised 
as al-majasu, whence are derived the mediaeval Latin ‘almagesti’, ‘alma- 
gestum’, the ancestors of the modern title ‘Almagest’. The available evidence 
has been assembled and discussed by Kunitzsch, Der Almagest 115-25, where he 
makes a good case for supposing that the Arabic form was derived, not directly 
from the Greek, but from a middle Persian (Pahlavi) translation of the 
Almagest. There is independent evidence for the existence of the latter, but 
whether it was made as early as the reign of the Sassanid king Shahpuhr I (241- 
272), as later Persian accounts maintain, seems very dubious to me. 

While Ptolemy’s work in the original Greek continued to be copied and 
studied in the eastern (Byzantine) empire, all knowledge of it was lost to western 

2 The evidence for the practice of astronomy in the third century is pitifully small, but there exists 
a fragment of a text from about a. D. 213 which isclosely related to the Almagest (see HAMA II948- 
49). and there are several third-century papyri related to the Handy Tables (ibid. 974-75,979-80). 
P. Ryl. 27 (written c. 260) quotes Ptolemy’s solstice and equinox observations from Almagest III 1, 
and in the late third century Porphyry (Comm, on Harmonica 2, p. 24,15 fT.) quotes Almagest 12 (H9, 
11-16). The only evidence I have seen for knowledge of the Almagest in the second century, Galen, 
Commentary on Hippocrates’ Airs Waters and Places III (ms. Cairo, Tal‘at tibb 550, p. 73a), where 
Ptolemy is mentioned at the end of a list of authorities on astronomy, must be an interpolation in the 
Arabic tradition, since Ptolemy is there characterized as ‘the king of Egypt’. 

3 1 know of no satisfactory account of this. I gave a very brief sketch, Toomer(5] 202. 

4 For a full account of this see Kunitzsch, Der Almagest, especially 15-71. Kunitzsch has also 
published the work of ibn as-§alah (see Bibliography). 
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Europe by the early middle ages. Although translations from the Greek text 
into Latin were made in mediaeval times, 5 the principal channel for the 
recovery of the Almagest in the west was the translation from the Arabic by 
Gerard of Cremona, made at Toledo and completed in 1175. 6 Manuscripts of 
the Greek text began to reach the west in the fifteenth century, but it was 
Gerard’s text which underlay (often at several removes) books on astronomy as 
late as the Peurbach-Regiomontanus epitome of the Almagest (see Biblio¬ 
graphy under Regiomontanus). It was also the version in which the Almagest 
was first printed (Venice, 1515). The sixteenth century saw the wide 
dissemination of the Greek text (printed at Basel by Hervagius, 1538), and also 
the obsolescence of Ptolemy’s astronomical system, brought about not so much 
by the work of Copernicus (whichin form and concepts is still dominated by the 
Almagest), as by that of Brahe and Kepler. 


3. The translation 

The basis of my translation is the Greek text established by Heiberg. I have, 
however, found it necessary to make several hundred corrections to that text. 
These are noted at the places in the translation where they occur, 7 and are also 
listed in Appendix B. In many cases (usually involving numerical computa¬ 
tions), my correction consists of adopting the reading of tfye manuscript D, 
unjustly spurned by Heiberg as descended from an archetype due to an 
Alexandrian recension in late antiquity (Prolegomena, in Ptolemy, Opera 
Minora CXX\'I- VII). Whatever the truth about that, and despite the fact that 
D itself is, as Heiberg says, ‘most negligently written', I am convinced on 
grounds of internal consistency that it represents a sounder tradition than that 
of the mss. ABC, generally preferred by Heiberg. In many cases its obviously 
correct readings are shared by all or part of the Arabic tradition. Nevertheless, I 
have not deviated from Heiberg’s text except where it seemed essential for sense 
or numerical consistency. In making corrections I have referred to photographs 
of the following manuscripts. 

Greek (I use Heiberg’s notation) 

A Parisinus graecus 2389. Mainly uncial, ninth century 
B Vaticanus graecus 1594. Minuscule, ninth century 
D Vaticanus graecus 180. Several hands, but not, as Heiberg, Almagest I p. V, 
of the twelfth century, but rather of the tenth: see the Vatican Catalogue 
by Mercati and Franchi de’ Cavalieri, I p. 206. N. G. Wilson has 
confirmed this dating for me by personal inspection. (Heiberg himself 
seems to have changed his opinion later: see Prolegomena LXXIX.) 

Arabic (I have used the abbreviations ‘Ar’ to refer to the consensus of the 


5 Sec Haskins, Studies 103-112, 157-165. 

6 Kunitzsch, Der Almagest 83-112, gives a valuable account of the evidence for this, and of 
Gerard’s method of work: evidently he used more than one of the Arabic translations. 

7 1 have acknowledged there all cases known to me where my correction has been anticipated by 
others, notably Manitius. 
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Arabic tradition, and ‘Is’ to the consensus of the mss. containing the Ishaq- 

Thabit version). 

L Leiden, or. 680. Eleventh century according to Kunitzsch, Der Almagest 38. 

This is the only surviving manuscript of the version of al-Hajjaj. 

T Tunis, BibiiothequeNationale, 07116 (see Kunitzsch , Der Almagest 38-40). 
Completed October 1085. The Ishaq-Thabit version, complete. 

P Paris, B.N. ar. 2482. Completed December 1221. See Kunitzsch, Der 
Almagest 42-3. The Ishaq-Thabit version, Books I-VI 13. 

Q Paris, B.N. ar. 2483. Fifteenth century. See Kunitzsch, Der Almagest 43. 
The Ishaq-Thabit version, Books I-VII. 

E Escorial 914. See Kunitzsch, Der Almagest 43-4. The Ishaq-Thabit version, 

Books V-IX. 

F Escorial 915. Completed September 1276. See Kunitzsch, Der Almagest 
44-5. The Ishaq-Thabit version, allegedly containing Books VII-XIII, 
but in fact lacking large sections even of these, and bound in such disorder 
as to be almost useless. 

Ger The Latin translation of Gerard of Cremona, for which I have used only 
the printed edition (Venice, Liechtenstein, 1515). For the complex 
dependence of this on the various Arabic versions see Kunitzsch, Der 
Almagest 97-104. 


I did not undertake a complete collation of any of the above mss. For the 
Greek mss. that would have been largely useless, since Heiberg's reports are, as 
in all his editions, very accurate (to judge from my sporadic verifications; I 
remarked the rare exceptions in the notes to the translation). To collate the 
Arabic translation would have delayed this book for several years, with no 
commensurate gain. I have consulted the above mss. only in passages where I 
already considered Heiberg’s text wrong or suspect. Therefore no conclusions 
should be drawn about the readings of the Arabic mss. where I do not explicitly 
report them. 

There are a number of places where, if I were to establish a Greek text, it 
would differ from Heiberg’s, but which I have not bothered to record in this 
book. Examples are: 


mere orthography: 

rjup'icKopsv for eupiaKopev (imperfect) I 327,15 

Ka\\inno<; for Kakxnnoc, I 199,5 

dpsTd7retOTOV for dpetaTtiaTOv I 6,18 (cf. Boll, Studien 74) 

KptKo<; for Kpiicoq I 196,8 

changes in form not affecting the sense: av for eav I 393,11 
reversals of letters referring to figures: ZK for KZ I 243, 22 
obvious misprints: 

aeXqvriq for aqXTjvqg I 406,25 

avcopaXiag for dpcopaX'iag 1 462,19 

(less obvious misprints, particularly those involving numbers, are recorded). 


During the course of making the translation, I became convinced that the 
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text contains quite a large number of interpolations, which must go back to 
antiquity, since they are in the whole manuscript tradition, both Greek and 
Arabic. I was first led to this conclusion by the discovery that there are places in 
the text, nonsensical as they stand, which can be made to yield perfect sense by 
the simple elimination of a clause or sentence, which must have been inserted as 
‘explanation’ by someone who failed to understand Ptolemy’s meaning. A 
notable example is V 1 (see p. 219 n.5). Cf also V 12, p. 245 with n.41.1 later 
realised that there are whole classes of textual matter which must also be 
regarded as interpolations. One of these is the totals in the star catalogue (see pp. 
16-17). The other is the chapter headings. Some of these (e.g. IX 2) are so inept as 
descriptions of the actual content of the chapter that it is impossible to attribute 
them to Ptolemy. In fact I do not believe that Ptolemy himself used any chapter 
divisions at all. It is obvious that he is responsible for the division into 13 books, 
both from the summaries that are found at the beginning of most books, and 
from explicit references such as ‘in Book I* (fcv rto 7rp(6xcp tffe aovta^sox;, II1 p. 
75) and ‘in the preceding book’ (ev tco 7tpo toutcov auvraypati, VI 5 p. 283). 
But he never refers to a chapter division. Furthermore, there is some 
discrepancy in the manuscript tradition (especially between the branch 
represented by D and that represented by A) as to the points of division between 
chapters (e.g. at the beginning of Book III), and it is clear from Pappus’ 
commentary that although a division into chapters already existed in his time, 
it was very different, at least in Book V, from the present division. 8 If the chapter 
division and headings are spurious, so too must be the table of contents 
preceding each book. Nevertheless, since this method of subdividing the text is 
useful for reference purposes, and appears in all editions, I have retained it, 
merely marking the character of the chapter headings by enclosing them in 
brackets thus: { }. 


4. What is in the Almagest , and what is not 

The order of treatment of topics in the Almagest (outlined in 12) is completely 
logical. In Book I, after a brief treatment of the nature of the universe (in so far 
as it concerns the astronomer), Ptolemy develops the trigonometrical theory 
necessary for the work as a whole. In Book II he discusses those aspects of 
spherical astronomy which are related to the observer’s position on earth (rising*- 
times, length of daylight, etc.). Book III is devoted to the theory of the sun. This 
is a necessary preliminary for the treatment of the moon in Book IV, since the 
use of lunar eclipses there depends on one’s ability to calculate the solar 
position. Book V treats the advanced lunar theory, which is a refinement of that 
in Book IV, and also lunar and solar parallax. Book VI is on eclipses, and thus 
requires a knowledge of both solar and lunar theory, and also of parallax. Books 
VII and VIII treat the fixed stars: since the moon is used as a ‘marker’ to 
determine the position of some crucial fixed stars, lunar theory must precede 
this, and since some planetary observations are made with respect to fixed stars, 


# See the note in Rome(l] I p. 106, and cf. (for Theon) II p. 448 n. (1). 
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the establishment of a star catalogue (VII 5 and VIII 1) must precede the 
planetary theory. The last five books are devoted to the planets. Books IX-XI 
develop the theory of their longitudinal motion, Book XII treats retrograda- 
tions and greatest elongations (which depend only on longitude), while Book 
XIII deals with planetary latitude and those phenomena (the ‘phases’) which 
are partially dependent on it. Ptolemy occasionally anticipates later results for 
the sake of convenience (see IV 3 p. 179 and IX 3 p. 423, where the mean motion 
tables of moon and planets incorporate some later corrections), but in general 
the order of presentation, within books as well as in the treatise as a whole, is 
dictated by the logic of the didactic method. 

There are, however, certain topics which Ptolemy does not discuss either 
because he takes it for granted that they are already known to his readers, or 
because it seemed superfluous to go into details (here I am referring especially to 
chronological matters). He says specifically (I 1 p. 37 with n.13) that the work 
is for ‘those who have already made some progress in the field’. This means, in 
practice, that he assumes a knowledge of elementary geometry (‘Euclid’) and 
’logistic’ (thus he does not consider it necessary to explain how to extract a 
square root), and also of‘spherics'. The latter is illustrated by the extant works 
of Autolvcus, Euclid ( Phaenomena) and Theodosius (. Sphaerica ), which deal with 
the phenomena arising from the rotation of stars and sun about a central, 
spherical earth, e.g. their risings, settings, first and last visibilities, periods of 
invisibility etc., using elementary geometry, but arriving mainly at qualitative 
rather than quantitative results. 9 These results are mostly irrelevant to 
Ptolemy's work, but he does use much of the terminology and concepts of 
spherics without explanation. 


5. W hat the reader oj the Almagest needs to know 

The modern reader, too, is likely to be familiar with elementary geometry. Sol 
have not burdened the translation with references to Euclid except where the 
theorems assumed are not immediately obvious. However, in what follows I 
give a brief explanation of methods, concepts and facts not explained by 
Ptolemy which the reader of the Almagest needs to know, but which may be less 
familiar. On Ptolemy’s mathematical methods in general one may profitably 
consult Pedersen 47-56. 


(a) The sexagesimal system 

This was taken over by the Greeks (one may guess by the Hellenistic 
astronomers) from the Babylonians as a convenient way of expressing fractions 
and (to a lesser extent) large numbers, and of performing calculations with 
them. It is the first place-value system in history. In the translation and notes I 
use the convenient modern ‘comma and semi-colon notation, in which 


9 For more detail see HAMA II 755-71. 
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Introduction: Sexagesimal system; fractions 

6,13;I0,0,58 represents 6 x 60+ 13 + 10 x 60~‘ + 0x60~ 2 + 58x 60“ 3 . Ptolemy uses 
the system only for fractions, and represents whole numbers, even when 
combined with sexagesimal fractions, by the standard Greek (alphabetic) 
notation. The translation follows this mixed notation (thus the above number 
would be written 373; 10,0,58 in the translation, and foy t o vrf in Greek). 


( b ) Fractions 

Except where it is necessary to be precise, Ptolemy prefers the traditional Greek 
fractional system to the sexagesimal. In this, although it is possible to express 
proper fractions as e.g. ‘4 5ths\ preference is given to unit fractions, so that, e.g. 
‘i’ is expressed as the sum of i and j (written Z'8', i.e. 4i’). There is a special 
sign for !. In the translation I have usually converted these sums of unit fractions 
to proper fractions without comment. However, I have always retained the 
fractional form where Ptolemy has it, since it gives a misleading appearance of 
precision to convert to sexagesimals (as Manitius often does, putting an exact 
number of minutes instead of a fraction of a degree). This is particularly true of 
the star catalogue. 


(c) Trigonometry 

i 

The sole trigonometrical function used by Ptolemy is the chord. The derivation 
and structure of his chord table are fully explained in I 10. However, Ptolemy 
does not give explicit instructions for its use in trigonometrical calculations, 
although his method is obvious enough from the worked examples. In what 
follows I give a literal translation, with commentary, of a typical calculation 
involving trigonometry. 

See Fig. A, and, for my conventions, compare the translation pp. 163-4. In the 
given situation arc 0H is 30°, AD is 60 p , AH is 2;30 p , and it is required to find 
the angle ADH (the ‘equation’). In modern trigonometry' we would use the 
cosine formula. Ptolemy has no equivalent, so he drops the perpendicular HK, 
thus transforming the problem into one of solving only right triangles, which is 
his standard procedure. 10 

‘Then since arc 0H is again 30 degrees, angle 0 AH would be 30 of those [units] 
of which 4 right angles are 360, and 60 of those [units] of which 2 right angles are 
360. So the arc on HK is 60 of the units of which the circle [circumscribed] 
about the right-angled [triangle] HKA is 360, and the arc on AK is 120, the 
supplement making up the semi-circle. And so, of the chords subtended by 
them, HK will be 60 ofthe units of which hypotenuse AH is 120, andAK 103;55 
of the same [units].’ 

10 He knows the equivalent of the sine formula, namely that in the general triangle the sides are 
proportional to the chords ofthe doubles of the opposite angles, but uses it surprisingly infrequently. 
An example is IX 10 p. 462 (cf, n.96 there). 




8 Introduction: Trigonometry 

E 



G 

Fig. A 


To solve a right-angled triangle (here HKA), Ptolemy imagines a circle 
circumscribed about it. Then the hypotenuse of the triangle is the diameter of 
the circle, and is taken (initially) as 120 parts (R = 60 being the standard on 
which Ptolemy’s chord table is constructed). The two acute angles of the 
triangle being given, the other two sides can now be expressed in the same units: 
they are the chords of the arcs of the circumscribed circle, which are the doubles 
of the angles of the triangle (since they are equal to the angles at the centre). 
Instead of explicitly doubling these angles, Ptolemy always first expresses them 
in ‘units of which 2 right angles are 360’. (Following the convention invented by 
B. R. Goldstein, I indicate these ‘demi degrees’ by the notation 00 , reserving 0 
for the standard degree of which there are 90 in a right angle.) This enables him 
to switch smoothly from the triangle to the circle (and hence to the chord table, 
which gives him the actual numbers 60 p and 103;55 p ): an angle of size 9° is 
20°°, and hence the arc of the circumscribing circle which corresponds to that 
angle is 29°. 

‘Therefore in those [units] of which line AH is 2;30, and the radius AD is 60, HK 
will be 1; 15 and AK, likewise, 2; 10, and KD, the remainder, 57;50.’ 

The sides of triangle AKH are converted to the norm representing their actual 
size (AH = 2;30 p , hence they are multiplied by 2;30/120). This gives two sides of 
the next right triangle to be solved, DHK:HK and (by subtraction of AK from 
the given AD) KD. 

‘And since the squares on these added together make the square on DH, the 
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latter will be, in length, approximately 57;51 of the units of which line KH was 
[found to be] 1;15.’ 

Since Ptolemy has no tangent function, he has to use ‘Pythagoras’ theorem’ to 
find the hypotenuse of the right triangle in question. He uses the word pqicei, ‘in 
length’, to indicate that he is taking the square root (considered as the side of a 
square, hence a line length). 

‘And so of those [units] of which hypotenuse DH is 120, line HK will be2;34 and 
the arc on it [HK, will be] 2;27 of those [units] of which the circle about DHK is 
360. So that angle HDK is 2;27 of those [units] of which 2 right angles are 360, 
and about 1; 14 of those of which 4 right angles are 360.’ 

The sides of triangle DHK are now converted to the standard in which the 
hypotenuse is thus enabling Ptolemy to use the chord table to determine 
the size of the arc corresponding to the side opposite the angle to be determined, 
HDK. The latter, being at the circumference of the circumscribed circle, is half 
the arc. Ptolemy again expresses this relationship by saying that it is the same 
number of ‘demi degrees’ as the arc is ‘single degrees’, and then converting the 
‘demi degrees’ to ‘single degrees’ by halving. Note that I frequently translate 
expressions like ‘30 degrees of the kind of which the great circle is 360’ simply as 
‘30°’. 


(d) Chronology and calendars 

Ptolemy’s own chronological system is very simple. He uses the Egyptian year and 
the era Nabonassar. The Egyptian year is of unvarying length of 365 days, 
consisting of twelve 30-day months and 5 extra (‘epagomenal’) days at the end. 
Ptolemy uses the Greek transliterations of the Egyptian month names. For the 
reader’s convenience, I usually add a Roman numeral indicating the number of 
the month. The order of the months is: 


I 

Thoth 

VII 

Phamenoth 

II 

Phaophi 

VIII 

Pharmouthi 

III 

Athyr 

IX 

Pachon 

IV 

Choiak 

X 

Payni 

V 

Tybi 

XI 

Epiphi 

VI 

Mechir 

XII 

Mesore. 


The reason for choosing the era Nabonassar is given by Ptolemy at III 7 (p. 
166: the earliest (Babylonian) observations available to him were from the 
reign of King Nabonassar. Ptolemy’s epoch, Nabonassar i, Thoth 1 cor¬ 
responds to -746 February 26 in our reckoning. 11 

11 Throughout this hook I use the ‘astronomical’ system of dating according to the Christian era, 
since it is far simpler for calculating intervals than the ‘B.C./A.D.’ system. In this, year -l 
corresponds to 2 B.C., year 0 to 1 aa, year l to A.D. 1, etc. 
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Even when he refers to other calendars, Ptolemy usually gives the equivalent 
date in his own system, so there is no uncertainty. Sometimes, however, he 
gives, not the running date in the era Nabonassar, but only the regnal year of a 
king. It is clear that there already existed, in some form, a ‘king-list’ enabling 
one to relate the regnal year of a given king to a standard epoch. 12 Later, in his 
‘Handy Tables’, Ptolemy published such a king-list (known as ‘Canon 
Basileon’), and it survives, in a considerably augmented form, in Byzantine 
versions of Theon of Alexandria’s revision of the Handy Tables. From these I 
have excerpted and ‘reconstructed’ the table on p. 11, which makes no 
historical pretensions, but is intended solely as an aid to readers of this 
book. The basis of the table is Usener’s edition of the two versions in the 
manuscript Leidensis gr. 78, in Monumenta Germaniae Histonca, Auctores Antiquis- 
simi XIII ( Chronica Minora Saec. IV. V. VI. VII , ed. Th. Mommsen), Vol. Ill, 447- 
53, supplemented by my own reading of the version in the ms. Vaticanus gr. 
1291, 16'-17 r . The names of the Babylonian and Assyrian kings are obviously 
very corrupt, and I have made no attempt to emend them, but have chosen 
those manuscript variants which seem closest to the forms now known from the 
cuneiform sources, which are listed in the second column (supplied to me by A. 
Sachs). 

For the purposes of astronomical chronology, an integer number of years is 
assigned to each reign. As far as can be checked from independent sources, 
‘Year 1’ of each reign was assumed to begin on the Thoth 1 preceding the 
historical date on which the king began to reign.Thus, to use the table to go 
from a given regnal year to the era Nabonassar, one simply adds the number of 
the regnal year to the total listed (in the fourth column) for the previous king. 16 
E.g. to find the second year of Mardokempad in the era Nabonassar (cf. IV 8 p. 
204), we add 2 to the total of 26 given for his predecessor, Ilulai, and get the 
twenty-eighth year in the era Nabonassar. 

Although I supply in the translation the modern equivalent of all dates in the 
Almagest, I have added, for the use of those readers who wish to check them, a 
llfth column listing the Julian equivalent of the first day of each king’s reign. If 
one bears in mind that every Julian year divisible by 4 is a leap-year, while the 
Egyptian year is constant, this is a sufficient basis for the calculation. However, 
I recommend as an easier alternative the use of Schram’s Kalendariographische 
Tafeln : from pp. 182-9 of that one can find the Julian day number of any date in 


12 Papyrus fragments of such king-lists are found in P. Oxy. 1.35 and Sattler. Studien 39-50. These 
are, however, later than Ptolemy. P. Oxy, 19.2222, a list of the Ptolemies of Egypt, is earlier than the 
Almagest, but is very different in format from Ptolemy's king-list. 

,J It is not known why these two kings are combined. In cuneiform sources (e g. the king-list 
translated in Pritchard, Ancient, Year Eastern Texts 272 (iv), they appear consecutively, UkTn-zer 
being assigned 3 years and Pulu 2. 

14 This must be a corruption in the Greek tradition of Arses (’Aptrn<;), the usual form of this king's 
name (also known as’Oapar^qj. 

15 This was recognised long ago. See Usener, MGH XIII.3 p. 441, with references to older 
literature in his n.5. 

“Tn the Handy Tables Ptolemy adopted the ‘era Philip’ (which already occurs in the Almagest as 
‘death of Alexander’); hence in the mss. the totals for era Nabonassar go only as far as Alexander the 
Macedonian (no. 31), and a new totalling system begins with Philip (no. 32). I have converted all 
these later totals to the era Nabonassar by the addition of 424 to each. Cf. Schram p. 173. 
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Ruler 

Correct lorm 

Veai-s of 
reign 

Total years to 
end of reign 

Julian date of 
lieginning of reign 

Kings [of Assyria 
and Babylonia] 

1 Xabonassar 

Xabu-nasir 

14 

14 

-746 Feb. 26 

2 Nadi 

Nad in 

2 

16 

-732 Feb. 23 

3 Chinzer and Por 13 

Ukin-zer; Pulu 

5 

21 

-730 Feb. 22 

4 Ilulai 

Elulai 

5 

26 

-725 Feb. 21 

5 Mardokempad 

Marduk-apla-iddin 

12 

38 

-720 Feb: 20 

6 Arkean 

San u* u kin 

5 

43 

-708 Feb. 17 

7 First interregnum 


2 

45 

-703 Feb. 15 

8 Belib 

Bel-ibni 

3 

48 

-701 Feb. 15 

9 Aparanad 

Assur-nadin-sumi 

6 

54 

-698 Feb. 14 

10 Regel**l 

Nergal-usezib 

l 

55 

-692 Feb. 13 

11 Mesesemordak 

Musezib-Marduk 

4 

59 

-691 Feb. 12 

12 Second interregnum 


8 

67 

-687 Feb. 11 

13 Asaridin 

Assur-ajia-iddina 

13 

80 

-679 Feb. 9 

14 Saosdouchin 

Samas-suma-ukin 

20 

100 

-666 Feb. 6 

15 Kiniladan 

Kandalanu 

22 

122 

-646 Feb. 1 

16 Xabopolassar 

Xabu-apla-usur 

21 

143 

-624 Jan. 27 

17 Xabokolassar 

Xabu-kudurra-usiir 

43 

186 

-603 Jan. 21 

18 Illoaroudam 

Amii-Marduk 

o 

188 

-560 Jan. 11 

19 Xerigasolavsar 

X e rga 1-sarra- usu r 

4 

192 

-558 Jan. 10 

20 Xal>onadi 

Nabu-na'id 

17 

209 

-554 Jan. 9 

Kings of the Persians 

21 Cyrus 

Kurus 

9 

218 

-537 Jan. 5 

22 Kambyses 

Kambuziya 

8 

226 

-528 Jan. 3 

23 Darius I 

Darayava h u 

36 

262 

-520 Jan. 1 

24 Xerxes 

Xsavarsa 

21 

283 

-485 Dec. 23 

25 Artaxerxes I 

Artax^aOra 

41 

324 

-464 IVc. 17 

26 Darius II 

Daravava u 

19 

343 

-423 Dec. 7 

27 Artaxerxes II 

Ait;r/sat3ra 

46 

389 

-404 Dee. 2 

28 (Vims 

Vahauka 

21 

410 

-358 Nov. 21 

29 Arogos 14 

J Hawarsa 

o 

412 

-337 Nov. 16 

30 Darius III 

Daravava u 

4 

416 

-335 Nov. 15 

31 Alexander the Macedonian 

A/.ecavtSpo^ 

8 

424 

-331 Nov. 14 

Kings of the Macedonians 

32 Philip who succeeded 

Alexander the Ibunder 

QtXittrco.; 

7 

431 

-323 Nov. 12 

33 Alexander II 

'AXecavdpoc ETEpo,; 

12 

443 

-316 Nov. 10 

34 Ptolemy son of Lagos 

nToXepaioc Aayoo 

20 

463 

-304 Nov. 7 

35 Ptolemy Philadeiphos 

OiXadeXtpoc 

38 

501 

-284 Nov. 2 

36 Ptolemy Euergetes 

EuEpyETrjc 

25 

526 

-246 Oct. 24 

37 Ptolemy Philopator 

tJhXorrdicop 

17 

543 

-22! Ocf. 18 

38 Ptolemy Epiphanes 

Ertupavn^ 

24 

567 

-204 Oct. 13 

39 Ptolemy Philometor r 

OiXopiittop 

35 

602 

-180 Oct. 7 

40 Ptolemy Euergetes II 

EuepyETTi:; (3' 

29 

631 

-145 Sept. 29 

41 Ptolemy Soter 

Eonf|p 

36 

667 

-116 Sept. 21 , 

42 Ptolemy Xeos Dionysus 

Ai6vuao<; veo<; 

29 

696 

-80 Sept. 12 

43 Cleopatra 

RXcorraipa 

22 

718 

-51 Sept. 5 

Kings of the Romans 

44 Augustus 

Augustus 

43 

761 

-29 Aug. 31 

45 Tiberius 

Til>efius 

22 

783 

' 14 Aug. 20 

46 Gains 

Gaius 

4 

787 

36 Aug. 14 

47 Claudius 

Claudius 

14 

801 

40 Aug. 13 

48 Xero 

Xero 

14 

815 

54 Aug. 10 

49 Vespasian 

X’espasianus 

10 

825 

68 Aug. 6 

50 Titus 

Titus 

3 

828 

78 Aug. 4 o 

51 Domitian 

Domitianus 

15 

843 

81 Aug. 3 

52 Xerva 

Xerva 

1 

844 

96 July 30 

53 Trajan 

Traianus 

19 

863 

97 July 30 

54 Hadrian 

Hadrianus 

21 

884 

116 July 25 

55 Antoninus 

Aelius Antoninus 

23 

907 

137 July 20 
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the era Nabonassar in a few seconds, and hence (from his other tables) the 
equivalent date in any standard calendar. 

The only other aspect of Ptolemy’s own chronology requiring remark is the 
‘double dates’. He frequently characterises the day of an observation by 
expressions like n<r/cov t£' ei<; rf|V irj', translated ‘Pachon 17/18’, but literally 
‘Pachon, the seventeenth towards the eighteenth’. Modern commentators have 
made unnecessarily heavy weather of this. Ptolemy himself uses a noon epoch, 
but this is an artificial starting-point (the reason for which he explains at III 9 pp. 
170-1), and has nothing to do with numbering the day. In antiquity the ‘civil epoch’ 
of the day was either dawn (as in Egypt) or sunset (as in Babylon). In either 
system, an event which took place in the daylight would be on the same ‘day’, 
but one which took place in the night would be on ‘day n’ for those using dawn 
epoch and day n+1’ for those using sunset epoch. Hence ambiguity was 
possible. Ptolemy uses double dates (which are found only for night-time 
observations) to avoid this ambiguity. The form he uses implies the Egyptian, 
i.e. dawn epoch (cf. the long form III 1 p. 138 ,tt] ia' tou Meaopf| psTd (5 d3pa<; 
eyyix; tou etc; tf|v ip' peaovuKTtou (literally ‘on the eleventh of Mesore, 
approximately two hours after the midnight towards the twelfth’), but it would 
be clear even to someone using sunset epoch (who would date the above event to 
'Mesore 12’) what day he means. 

In using the observations of his predecessors Ptolemy often has occasion to 
refer to other systems of chronology and calendars. Although in such cases one 
can always readily derive the equivalent date in Ptolemy’s own system (he 
almost always gives it explicitly), I shall describe them briefly here. 

The most frequently mentioned is the Kallippic Cycles. To explain this, we 
must go back to Meton, who in -431 devised a 19-vear ‘cycle’, i.e. a fixed 
scheme of intercalation of months containing 6940 days (thus the average 
length of a year was 365i + % days). 17 Since he was an Athenian, he used the 
month names of the Athenian civil calendar for the months of his artificial 
calendar’. A hundred years later an associate of Aristotle, Kallippos, produced 
a revision of this, based on the more accurate year-length of365j days. In order 
to achieve this, he eliminated one day from 4 Metonic cycles, thus producing 
the ‘Kallippic cycle’ of 76 years and 27759 days. What was later known as the 
First Kallippic Cycle' began at the summer solstice (probably June 28th) of the 
year -329. In the Almagest we find references also to the Second and Third 
Kallippic Cycles, which began in -253 and -177 respectively. To judge from 
the Almagest, this chronological system was the one most used by earlier 
Hellenistic astronomers. 18 In VII 3 four observations by Timocharis (Alexan¬ 
dria, third century b.c.) are given according to the year of the First Kallippic 
Cycle and ‘Athenian’ month and day. On the basis of these, several attempts 
have been made to reconstruct the whole ‘Kallippic calendar’, with discrepant 
results. Since the above constitute the whole evidential basis, apart from the 

17 For a detailed discussion see Toomer[7]. I give there the arguments for supposing that Meton’s 
purpose was not to reform the Athenian calendar, but to establish an 'astronomical chronology’. 

18 The dates of the three eclipses in IV 11 (p. 211, cf. n.63 there) which, though observed in 
Babylon, are given according to Athenian archon and Athenian month, are presumably in the 
Metonic calendar. 
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passage in Geminus, Eisagoge VIII, which I regard as fiction, and two dubious 
equivalences in the Milesian parapegma, any reconstruction is academic. 19 
Here I note only that Kallippos evidently retained the peculiar Athenian method 
of counting the days of the month by decads, and in the last decad counting 
backwards, so that VII3 p. 336 tfj q' (p0ivovTO<;, literally ‘on the sixth [day] of 
the waning [moon]’, means ‘the sixth day from the end of the last decad’, i.e. the 
twenty-fifth. 20 

Hipparchus too used the Kallippic cycles for astronomical dating, but 
combined them, not with Kallippos’ ‘Athenian’ calendar, but with the 
Egyptian calendar (i.e. he used the cycles simply as a year count), at least as far 
as we can tell from the Almagest. This seems to have led to ambiguities, since 
the ‘Kallippic’ year began at or near the summer solstice, while the Egyptian 
year is a ‘wandering.year’, which in Hipparchus’ time began about the end of 
September. Thus there arose the possibility of a discrepancy of 1 in the year 
count, for certain stretches of the year (whether it is +1 or -1 depends on 
Hipparchus’ choice). Such a discrepancy is firmly attested in Almagest IV 11 
(see p. 214 n. 72), and cannot plausibly be removed by emendation, though this 
has been done (by Ideler and others) in the interest of consistency. In fact it is 
impossible to make all of Hipparchus’ ‘Kallippic cycle’ dates in the Almagest 
consistent with one another (see p. 224 no. 13), and we must allow for the 
possibility that Hipparchus used different systems in different works. 

Three planetary observations in the Almagest are dated Kata XakSaiouc;, 
‘according to the Chaldaeans’, with a year number and a Macedonian month 
name and day number. The year numbers show that the era used is that known 
in modern times as the Seleucid Era (dating from the year which Seleucus I 
counted as the first of his reign, -311/10), which was common throughout the 
Seleucid empire. Since the observations are undoubtedly Babylonian, the 
particular epoch used in them is, as one would expect, that known from the 
surviving Babylonian astronomical texts, 1 Nisan (April) -310 (Greeks under 
the Seleucid empire commonly used an epoch of autumn -311). The use of 
Macedonian month names has rightly been taken to show that the Babylonian 
lunar months were simply called by the names of the Macedonian months by 
the Greeks under the Seleucid empire: ifone computes the date of the first day of 
the ‘Macedonian’ month from the equivalent date in the era Nabonassar given 
by Ptolemy, it coincides (with an error of no more than one day) with the 
computed day of first visibility of the lunar crescent at Babylon. 21 There is other 
evidence for the assimilation of the month names, 22 but this is the strongest. 

Unattested outside the Almagest is the Calendar of Dionysius. This had a 


19 Those who care to may consult Ginzel II 409-19 and Samuel, Greek and Roman Chronology , 42-9 
for details and literature. 

20 For this system see Samuel, Greek and Roman Chronology 59-60. I do not know why it is not used 
for the other three ‘Kallippic’ dates in which the days are simply numbered consecutively. 

21 These are conveniently listed in Parker-Dubberstein. 

22 For details see Samuel, Greek and Roman Chronology 140-2. However, Samuel is wrong in saying 
that the Almagest evidence proves that the assimilation was made as early as the date of the earliest 
observation (Nov. -244). In the cuneiform record from which this was derived the Babylonian 
names must have been used. It was only when this was translated into Greek (which may have been 
as much as a century later) that the Macedonian names were substituted. 
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running year count and months named after the signs of the zodiac 
(corresponding, at least approximately, to the period of the year when the sun 
was in the sign in question). The months Tauron (8 ), Didymon (II), Leonton 
(fl), Parthenon (nfc)> Skorpion (m), Aigon (10°) and Hydron (£?) are attested. 
From analysis of the Almagest evidence Bdckh, Sonnenkreise 286-340, showed 
that the epoch of the calendar was the summer solstice of-284. Since Thoth 1 
(Nov. 2) of -284 is the beginning of the first regnal year of Ptolemy 
Philadelphos, it is plausibly concluded that Dionysius observed in Egypt. 
Bockh’s further conclusions, that the calendar was similar to the Egyptian one 
in having 12 months of 30 days, but was modified by introducing a sixth 
epagomenal day every four years, cannot be regarded as certain, especially 
since this requires ‘emending’ some of the Almagest dates. Here, as for the 
Kallippic calendar, ‘reconstruction’ seems pointless when the evidence is so 
scanty and the likelihood of verification utterly remote. 23 

One observation is dated in the Bithynian calendar of the imperial period. Like 
a number of other contemporary calendars in Asia Minor, this was simply the 
Julian calendar, with different month-names, and with the first day of the year 
Augustus’ birthday, Sept. 23. For details and literature see Samuel, Greek and 
Roman Chronology 174-5. 


(r) Ptolemy's star catalogue 

The list of the coordinates and magnitudes of the principal fixed stars visible to 
Ptolemy poses special problems to the translator. In particular, there are 
numerous manuscript v ariants in the coordinates, and while one must put some 
number in the translation, it is often difficult to be certain about one’s choice. 
The solution I have adopted is (in the star catalogue only) to append an asterisk 
to any element (longitude, latitude, magnitude, description or identification) 
where there is reason to suppose that it may be incorrect (i.e. not what Ptolemy 
wrote or intended), 24 either because there is a plausible ms. variant, or because 
of some gross inconsistency with the astronomical facts. In such cases I give all 
significant variants known to me in a footnote. I have made no effort to record 
all variants, since most are obviously wrong. The reader who wishes to go 
further must still consult Peters-Knobel, on which I have drawn heavily, and 
which is still the best treatment of the catalogue as a whole, though badly in 
need of updating and revision in certain respects. 25 

Ptolemy lists the stars under 48 constellations, and gives for each star (1) a 
description of its location on the ‘figure’ and (sometimes) of its brightness and 
colour; (2) its longitude; (3) its latitude and direction (north or south of the 
ecliptic); and (4) its magnitude. I have followed my predecessors (notably 
Manitius) in adding to these: (a) an initial column giving a running number to 

2< The interested reader may consult HAMA III 1067 n.2 and Samuel, Greek and Roman Chronology 
50, n.6 for further literature. 

The lack oi an asterisk does not imply that I regard the reading adopted as Ptolemy’s beyond 
any question, but only that I have no good reason to doubt it. 

25 See the strictures of Kunitzsch, Der Almagest 46. 
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the star within its constellation (stars listed at the end of some constellations by 
Ptolemy as ‘outside the constellation’, i.e. not part of the imaginary figure, are 
numbered continuously with those preceding them); (b) a final column giving 
the modern identification of the star. For those stars which have them, this is the 
Bayer letter or Flamsteed number. Certain fainter stars have neither; for these I 
give the number in the Yale Bright Star Catalogue (abbreviated as ‘BSC’). 
From that publication those interested can find the corresponding number in 
the Durchmusterung and the Henry Draper and Boss General Catalogues. I 
have abandoned all references to the antiquated Piazzi catalogue (still used by 
Peters-Knobel). 

I have used Roman numerals to number the constellations, and refer to 
individual stars (throughout the translation) by the combination of Roman and 
Arabic numerals (thus ‘catalogue XXXIX 2’ refers to the second star in the 
thirty-ninth constellation (Canis Minor), namely Procyon). 

The star descriptions pose numerous individual problems, only a few of 
which are touched on in the footnotes. Ideally one should provide a 
reconstruction of the outline of each constellation as it appears on Ptolemy's 
star-globe. Unfortunately no one has done the necessary work of assembling 
and comparing all the literary and iconographic evidence from antiquity and 
from the derivative Arabic tradition (notably as-Suli). This would be an 
interesting and valuable enterprise. Meanwhile, for the reader who needs some 
visual illustration, I can recommend only the old work of Bayer, Cranomelria , 
with the warning that in many cases his positioning of the stars on the figures, 
and the outlines of the figures themselves, are certainly different from 
Ptolemy’s. 26 On the matter of the orientation of the figures, I have satisfied 
myself that Ptolemy describes them as if they were drawn on the inside of a globe, 
as seen by an observer at the centre of that globe, and facing towards him. This 
is in agreement with what Hipparchus says (Comm, in Aral. 14 5): ‘for all the stars 
are described in constellations (i^aTspicrrai) from our point of view, and as if 
they were facing us, except for such of them as are drawn in profile’ 
(KCtTdypcupov, as interpreted by Manitius. whom I follow dubiously). It is in 
this sense that we must interpret ‘left hand', ‘right leg’, etc. This has to be said, 
since on the actual star globes the constellations were necessarily drawn On the 
outside. Hence the orientation of the figures was (at least in some cases) reversed, 
which could lead to confusion. 2 ' I have rendered the prepositions used by 
Ptolemy in indicating the positions of stars with respect to parts of the figures 
consistently, as follows: 


in = sv 
On = 87Tt 
over = UTtsp 

26 The work of Thiele, Antike Himmelsbilder , is very little help, although I have referred to it to 
illustrate some particulars. 

27 Cf. the scholion on Aratus, Maass. Comm, in Aral. p. 384 no. 251: ‘the signs look inward with 
respect to the heavens . . . but they have their backs to the globe, so that their faces may be seen. 
Hence, if he says “right hand” or “left hand” and we find the opposite on the globe, we should not 
l>e confounded.’ 
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above = fcTtdvco 
under = (mo 
below = U7tOKdTG) 
just over = koto + genitive 
advance, in advance = 7tporjyou|ievoq 
rear, to the rear = fcrcopEvot; 

On the meaning of the last two terms see below p. 20. Note that ‘rear’ is never 
used in a sense other than directional. To indicate the back parts of an animal 
figure I use ‘hind’. 

Both longitudes and latitudes are given, not in degrees and minutes, but in 
degrees and fractions of a degree. I have retained this in the translation (see p. 
7). With very few exceptions, the longitudes are not given more accurately 
than to 6°. (This has been taken to imply that the ecliptic ring of Ptolemy’s 
instrument was graduated only every 10'). However, one frequently finds the 
fractions i° and 4 ° for the latitudes. 

The latitudes in Ptolemy's list are preceded by the direction ((3o = popEiog, 
‘northern’; vo = voxiog, ‘southern’). I have rendered these by + and - 
respectively. 

The magnitudes range (according to a system which certainly precedes 
Ptolemy, but is only conjecturally attributed to Hipparchus) from 1 to 6. 
Ptolemy indicates intermediate magnitudes by adding (after the number) 
|i£iua)v, 'greater' or eXaaawv, ‘less’ (abbreviated in the mss.). I have rendered 
these by > and < (before the number) respectively. One occasionally finds for 
the magnitude, instead of a number, the remark apaupot; (rendered ‘f.’ for 
‘faint’) or VEtpsX.. (for VEtpeXoetSqg), ‘nebulous’, abbreviated as ‘neb.’ 

For the identifications, wherever Peters-Knobel and Manitius are in 
agreement, I have usually been content to adopt their opinion. Where they 
differ (and even when they agree, in some special cases), 28 I have checked the 
possibilities as carefully as I could, using the large-scale Atlas of the Heavens by 
Becvaf, and transforming Ptolemy’s coordinates to right ascension and 
declination at the modern epoch, where necessary. However, I have made no 
attempt to redo the work of Peters and Knobel, namely to compute the 
longitude and latitude of the relevant stars for Ptolemy’s time from modern 
data (in particular using the most up-to-date values for the proper motions). This 
might be worth while, though I doubt whether the degree of improvement over 
Peters-Knobel would justify the large amount of computation. In any case, it is 
unlikely that it would eliminate the doubts that remain about the identification 
of many of the fainter stars. 

At the end of each constellation in the mss. are listed the total number of stars 
in the constellation, and the sub-totals of each magnitude. These in turn are 
added up at various intermediate points (the northern segment, the zodiac, and 
the southern segment), and the grand totals are given at the end. I am 


'“Notably, where Ptolemy describes a star as a nebulous mass’ (vetpeXoei5r|<; ouarpCHpTi), I have 
preferred to give the globular cluster (abbreviated k CGlo’) or galactic cluster (abbreviated k CGal’) 
rather than some particular star inside it. 
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convinced that this was not done by Ptolemy (who makes no mention of it in his 
description of the catalogue, VII 4 pp. 339-40). Another indication of the 
spuriousness of these passages is that no separate count is made in the totals of 
the stars which are greater (>) or less (<) than a ceriain magnitude: all are 
lumped in with the stars of that magnitude. I have translated the passages in 
question, but enclosed them in brackets thus: { }. 


(f) Explanations of special terms 


(i) Geometrical 

by subtraction (Xot7tog -q -ov): literally 'the remaining [part] 1 , ‘remainder’ 
(I have on occasion so rendered it). 

by addition {oko g -q -ov): literally 'the total’. 

Crd v: chord of the angle x° (R = 60 p ). Greek has no word with the specific 
meaning 'chord’, but uses the generic eu08?a, ‘straight line’. ‘Crd x’ renders q 
tag x po'tpag UTtoTeivouaa 8i)0ela, 'the straight line subtending x degrees’. 

In connection with the Menelaus Theorem (see p. 18), an expression of the 
type 'Crd arc 2AB’ represents q bno Tqv StTtXqv Trig AB 7r8pupepeiag, literally 
‘the [line] subtended by the double of arc AB’. 

supplement , supplementary arc (f| XetTtooaa [Xourq] etg to qpucuK^iov 7t8pi(pepeia): 
literally ‘the arc which is the remainder to the semi-circle’. 

complement (Xourq elg to T8TapTqpopiov): literally, 'the remainder to the 
quadrant’. 

|| literally, ‘is similar to'. Used of arcs of dilferent-sized circles. Arc AB || arcGD 
if each arc is the same fraction of its circle. 

HI (taoycoviov 8cm): literally, ‘has [all] its angles equal to’, i.e. is similar to (used 
only of triangles). 

= (lOOTrXeupov 8cm): literally ‘has its sides equal to’, i.e. is congruent to. Used 
only of spherical triangles. Sometimes iaoytovtov teat laoTtXeupovecm, ‘has its 
angles and sides equal to’. 

Q.E.D. (07tep eSet 5eT^at): literally ‘which is what it was required to prove’. 

componendo (auv08vrt). Expresses the operation of addition of ratios: if 
a : b = c : d, then (a + b):b = (c + d):d. 

dividendo (SieXovxi, Kcrra Staipeaiv) (1) Usually expresses the operation of 
subtraction of ratios: if a : b = c : d, then (a - b) : b = (c - d) : d. 
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(2) Once, at XII 1 (see p. 558 n.4) SieXovTi expresses division of members of 
ratios. If a : b = c : d, then 5 : b = n : d. 

Menelaus Configuration and Menelaus Theorem (used only in the footnotes and 
explanatory additions). Cf. HAMA 26-9. Fig. B represents a Menelaus 
Configuration. m,n,r and s are four great circle arcs on the surface of the sphere, 
intersecting each other as shown, and divided by the intersections into the parts 
m 1} m 2 etc. (thus m = m x + m 2 etc.) In I 10 Ptolemy proves the theorems 

I Crd 2m Crd 2r Crd 2s2 
Crd 2mi Crd 2r t Crd 2s 

II Crd 2r 2 Crd 2m 2 Crd 2n 
Crd 2r t = Crd 2m, X Crd 2n 2 ' 

Since it is known that these were discovered by Menelaus, Neugebauer has 
named them 'Menelaus Theorem V and ‘Menelaus Theorem II’ respectively, 
and I follow him, abbreviating to ‘M.T.I.’ and ‘M.T.II’. 



(ii) Spherical astronomy 

{at) sphaera recta fkn’ opOqq tffq atpaipcu;) and (at) sphaera obliqua (kn' 
8yK£KXip£VTi<; xr\q atpaipcu;). These mediaeval Latin terms are the literal 
translations of the Greek, meaning ‘on the upright sphere’ and ‘on the inclined 
sphere’ respectively. Probably taken from the use of celestial globes, they refer 
to the phenomena which occur when the celestial equator is perpendicular to 
the local horizon {sphaera recta) or inclined to it at an acute angle {sphaera 
obliqua). In particular, we use rising-time at sphaera recta or right ascension , and 
rising-time at sphaera obliqua or oblique ascension to designate the arc of the equator 
which crosses the horizon together with a given arc of the ecliptic (e.g. one 
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zodiacal sign) at sphaera recta (i.e. at the terrestrial equator), and at sphaera 
obliqua (i.e. any other terrestrial latitude) respectively. 

equator represents icrr}|i£ pi vdq (icuictax;), literally ‘circle of equal day’, so called 
for the reason Ptolemy gives in I 8 (pp. 45-6). 

meridian represents pecrripppivoc; (kukXoc;), literally ‘midday circle’ (defined 
and explained at I 8 p. 47). Meridian passage of a heavenly body is called 
culmination . The Greek terms for culminate and culmination, peaoupavetv, 
ji£aoupavqai(;, mean literally ‘being in the middle of the heaven’, upper and lower 
culmination are expressed byuTtEpyqv anduno yfjv, meaning‘above the earth’ 
and ‘below the earth’ respectively, and sometimes so translated. 

An altitude circle is any circle drawn through the zenith perpendicular to the, 
horizon. Ptolemy has no special term for this in the Almagest, merely saying 
‘the (great) circle drawn through the zenith (through the poles of the horizon)’, 
e.g. II 12, HI 166, 20-1. 

colure . This term is used by Ptolemy only once, at II 6 p. 83. I translate part of 
Manitius’ note on that passage: Two of the circles of declination through the 
poles of the equator are named ‘colure’ (ico^oupoc;): the solsticial colure, which 
goes through the solstices and hence carries the poles of the ecliptic, and the 
equinoctial colure. These two colures divide the sphere into four equal parts 
and divide both ecliptic and equator into four quadrants, so that one quadrant 
corresponds to each season of the year. Ptolemy counts the solsticial colure as 
boundary of the daily revolution [18 pp. 46-7, where however the term ‘colure’ 
is not used], but never explicitly mentions the equinoctial colure. Both colures 
were already defined by Eudoxus (Hipparchus, Comm, in Aral. 117 IT.) The term 
is explained by Achilles, Isagoge 27 (Maass, Comm, in Aral. 60) as follows: ‘They 
are called colures because they appear to have their tails cut off as it were 
(KeicoXooaOai coaTtep xaq oupch;), since we cannot see the parts of them 
beginning at the antarctic, always invisible parallel’. 

It is unfortunate that we have to use the same word latitude to refer both to the 
celestial coordinate (vertical to the ecliptic) and to the unrelated terrestrial 
coordinate. Ptolemy uses, for the former jrXciToq, and for the latter K^ifia, 
literally ‘inclination’. When necessary I gloss this e.g. as ‘[terrestrial] latitude’. 
icAi|ia, however, does not refer to the coordinate as such (for which Ptolemy uses 
gyic^ipa, HI 68,9, Syrian;, HI 101,23 or, once, nXaxoq, HI 188,4), but to a 
specific ‘band’ of the earth where the same phenomena (e.g. length of longest 
daylight) are found. Hence in early Hellenistic times arose the notion of the 
division of the known world (the oiKOupevT) ) into 7 standard climata (see 
HAMA 334 If., II 727 ff. and Honigmann, Diesieben Khmata). This is reflected in 
several places in the Almagest, e.g. in Table II13.1 refer to these seven standard" 
parallels by Roman numerals, e.g. Clima IV = the parallel through Rhodes, 
longest day 14i hours. « 
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(iii) Referring to the heavenly bodies 

As Ptolemy explains in I 8, in his system the whole heavens are conceived as 
rotating from east to west, making one revolution daily. The direction defined 
by this motion, and the direction counter to it, are called siq t& Ttporyyoupeva 
(‘towards the leading [parts]’) and sic; id fercopsva (‘towards the following 
[parts]’) respectively. The corresponding adjectives 7tpoqY°6pevo<; and 
fcTtopsvoq are also found, particularly in the star catalogue, and Ptolemy 
frequently uses the phrases sic; id TtporjYOupsva (sjtopsva) tSv ^cpSitov, 
‘towards the leading (following) [parts] of the zodiacal signs’, to indicate the 
direction of motion in the ecliptic. A modem reader may find this confusing: 
since the normal motion of bodies in the ecliptic is from west to east, what we 
regard as forward motion, e.g. of a planet, is described as ‘towards the following 
[parts]’ (‘towards the rear* in my translation). No version of these terms in a 
modem language is satisfactory. One cannot use ‘west’ and ‘east’ because these 
must be reserved for Ptolemy’s 5uopai and dvaioXai, which are confined to 
situations where a terrestrial observer is implied. It is a distortion to translate 
(with Manitius) ‘in the reverse order of the signs’ and ‘in the order of the signs’, 
since this implies that the terms define ecliptic coordinates, whereas they are in 
the equatorial system, and while it is usually true that a celestial object which 
Ttporp/siiai (‘leads’) another will have a lesser ecliptic longitude, if their 
latitudes differ greatly the reverse may be true, especially at very high ecliptic 
latitudes. Precisely this situation occurs in the star catalogue, despitePtolemv’s 
own statement at VII 4 p. 340 that the terms in the catalogue define ecliptic 
coordinates (see n.93 there). Although I am aware that my choice too has its 
drawbacks, I have settled on in advance for slq td Ttporiyoujisva, and towards the 
rear for s’tq id fc7iopsva. These always imply ‘with respect to the daily motion 
from east to west’, with the paradoxical consequence, as remarked above, that 
in the ecliptic a body which is ‘in advance’ of another has a lesser longitude. 
However, I have committed an inconsistency in translating the derived noun 
TtpoqYqou; as retrogradation. This is used only for the portion of the courses of the 
five planets in which they reverse their normal direction of motion, and it would 
be too confusing to render this by ‘motion in advance’. 


ecliptic. Ptolemy never refers to this circle by the term £KXsi7mKOq (w'hich he con¬ 
fines strictly to the meaning ‘having to do with eclipses’). His normal term iso 5ia 
psocov tcov £cp5'uov (KuicXoq), ‘the (circle) through the middle of the zodiacal 
signs’ (e.g. HI 18,23-4); more fully, 6 Xo£oq Kai 5tapsocov xcov £a)5icov kukXoc;, 
‘the inclined circle through the middle of the signs’ (HI 64,4). Occasionally, 
when the context is clear, simply Xo^oq KUicXoq, ‘inclined circle’ (HI 8,22). 
However, the latter can be used for other things, notably the moon’s orbit 
(which is ‘inclined’ to the ecliptic). I normally use ‘ecliptic’ throughout. 


[zodiacal] sign. The conventional subdivision of the ecliptic into twelve 30° 
stretches named Aries, Taurus, etc. For this Ptolemy uses, not£c65tov (‘animal 
sign’), but 5o)6sKaTqp6piov (‘twelfth’), presumably because he wishes to 
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distinguish the ecliptic, a notional circle, from the zodiac, a band of actual 
constellations. 

star. The Greek term aarqp really means ‘heavenly body’, and can be used 
indifferently for a star (in the modern sense), a planet, or even the sun and 
moon. When Ptolemy wishes to distinguish what we call stars, he says ‘fixed 
stars’. I have normally translated aarnp according to the context, as ‘planet’, 
‘star’ or ‘body’. However, in I 3-8, where Ptolemy uses the term to include all 
heavenly bodies, I too have used star in this special sense. When naming the five 
planets, Ptolemy almost always uses the periphrasis ‘star of. . ’, thus 6 too 
Kpovou [aarnp], ‘[star] of Kronos’. I always translate simply ‘Saturn’ etc. 

latitude {celestial). TtXaioq (literally ‘breadth’) refers not only to ‘the direction 
orthogonal to the ecliptic’, but to any ‘vertical’ direction, e.g. that normal to the ' 
equator. In such cases I use, not ‘latitude’, but another appropriate term (see I 
12 p. 63 with n. 74). In VII 3, however, I have been forced to use‘latitude’ to 
express the more general meaning of the Greek (see p. 329 n.55). 

Ptolemy uses eKKBvrpoq as both adjective and noun. It may be that in the latter 
case one has always to understand EKicevipoq kijkX.o<;, ‘eccentric circle’. 
However, to avoid ambiguity, I have (following mediaeval usage) consistently 
denoted the noun by eccentre and the adjective by eccentric. An ‘eccentre’ is simply 
an eccentric circle. Similarly for concentre and concentric. 

I have occasionally used the convenient mediaeval term deferent to denote the 
circle on which an epicycle is ‘carried’. Ptolemy has no one-word equivalent, 
but uses phrases like ‘the concentric carrying the epicycle’, ‘the circle carrying 
it’. 

anomaly. As noted e.g. by Pedersen (139 with n.9), dvtopakta in the Almagest 
has a number of different meanings. Despite the ambiguity, I have generally 
rendered avtopa^ia and the adjective from which it is derived, dvcopaXo<;, by 
‘anomaly’, ‘anomalistic’, although where necessary I have translated the latter 
literally as ‘non-uniform’. Besides referring to non-uniform motion, ‘anomaly’ 
is also used for the mean (hence uniform) motion of the moon and planets on 
their epicycles (because the motion on the epicycle produces the appearance of 
‘non-uniformity’). For the planets Ptolemy distinguishes between the synodic 
anomaly (f| trpoq tov fjXtov dvcopaVia, ‘the anomaly with respect to the sun’, 
HII 255,8), which produces the phenomena of retrogradation and varies with 
the planet’s elongation from the sun, and the ecliptic anomaly (£(p5iaicq 
avcopaXia, HII 258,11), which varies according to the planet’s position in the 
ecliptic. 

equation. I use this convenient mediaeval term for the angle (or arc) to be applied 
to a mean motion to ‘correct’ it to account for a particular feature of the 
geometric model. Ptolemy uses the vaguer terms to Sidtpopov ‘difference’ (which 
is also used for many other things) and TtpooGatpaipeau; (‘amount to be added 
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or subtracted’), equation of anomaly refers to the correction for the varying 
position of a body on its epicycle, and equation of centre (only in the footnotes, not 
the text) to the correction due to the eccentricity of a planet’s deferent. 

centrum . I have occasionally used this mediaeval term in the footnotes to denote 
the angular distance from apogee (see below) to the centre of the epicycle. 

elongation (arcoxn) is the angular distance along the ecliptic between two bodies 
or points. It is used particularly, but not exclusively, for the ecliptic distance 
between sun and moon. 

apogee and perigee are simply transcriptions ofdjroyciov and7tepiy£iov, literally 
‘[point] far from earth’ and ‘[point] near to earth’. These are the usual terms for 
the points on a body’s orbit which are respectively farthest from and nearest to 
the terrestrial observer. Ptolemy also uses the superlative forms artoyeioTaTOv 
(TtepiysiotaTov) arjpeTov (‘point farthest from (nearest to) earth’), with no 
obvious difference in meaning. However, in the case of Mercury', translation of 
both by ‘perigee’ generates an ambiguity. For all other bodies, in Ptolemy’s 
models, the perigee is diametrically opposite the apogee, but for Mercury the 
point of closest approach is about 120° from apogee. Ptolemy still refers to the 
point 180° from apogee as the ‘perigee’ (rcepiyetov) for Mercury, and when he 
wants to refer to the point of that planet’s closest approach uses the superlative 
(7repiysiOTaTO<;). I have mitigated the ambiguity by translating the latter, not 
as ‘perigee’, but as ‘closest to earth’ (for Mercury alone). 

phase. Used for the fixed stars and planets, this is simply a transcription of(priau;, 
and is a general term including all the significant ‘configurations with respect to 
the sun' (listed by Ptolemy at VIII4 pp. 409-10, and exemplified in his partially 
extant workcpdoeu; arrXavSv aarepcov, ‘Phases of the Fixed Stars'), such as lirst 
visibility at sunset, or last visibility just before dawn. But the literal meaning of 
(paoic; is ‘appearance’, and Ptolemy also uses it to mean specifically ‘first 
visibility’ of a body after a period of invisibility. To avoid ambiguity, I have 
translated the latter case by ‘first visibility’, reserving ‘phase’ for the general 
term. 


(iv) Referring to sun and moon 

conjunction is a fairly literal rendering of auvoSoq (‘meeting’), but opposition 
renders 7iavaeA.r|vo<; (literally ‘full moon’, which occurs when sun and moon 
are in opposition), syzygy is a transcription of the convenient au^uyia (literally 
‘yoking together’), a general term to denote either or both conjunction and 
opposition. In eclipses the partial phases are denoted by immersion fepTrccoan;, 
‘falling in’, the phase from the beginning of the eclipse to totality) and emersion 
(avanX^ptooK;, ‘filling up again’, the phase from the end of totality to the end of 
the eclipse). The total phase is denoted by povij (‘remaining’) and rendered by 
duration {of totality). 
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(v) Time-reckoning 

Ptolemy often uses the term vux0T]ji£pov, which combines the Greek words for 
night and day, to mean the ‘solar day’ of 24 hours. There is no such convenient 
term in English. I have generally translated it day when no ambiguity is pos¬ 
sible, but have occasionally resorted to periphrasis (e.g. II 3 p. 79= HI96, 7-9). 
Since we use clocks, we reckon time by the mean solar day of uniform length, 
the average time taken by the sun to go from one meridian crossing to the next. 
In antiquity, where the normal means of telling time was the sundial, it was 
usually reckoned by the true solar day , of varying length, the time taken by the 
sun to go from one meridian crossing to the next on a specific day. In III 9 
Ptolemy explains why they are different, and how to transform one into the 
other. He uses the terms opaXa vi>x0T]pepa ('uniform days’) and avcopaXa 
vux0i1|i8pa (‘non-uniform days’) for mean and true solar days respectively. 
When he is talking about intervals, he often refers to those measured in true ' 
solar days as ‘reckoned simply’, and those measured in mean solar days as 
‘reckoned accurately’. 

The kind of hours normally used in the ancient world wer z seasonal hours (copai 
KaipiKai), sometimes known as ‘civil hours’. An hour was j^th of the actual 
length of daylight or night-time at a given place, and hence the length of an 
hour varied according to terrestrial latitude and time of year, and a day-hour 
was of different length from a night-hour except at equinox. For astronomical 
purposes, however, the uniform 13 th of a day was used; these were known as 
equinoctial hours (copai Iarjpepivai), because they were the same length as the 
seasonal hour at equinox. If an ordinal number is attached to an hour, it 
indicates a seasonal iiour, counted from dawn (or sunset, if specified by ‘of 
night’ or by the context). Thus ‘the sixth hour’ is the same as noon. 

time-degrees. Another way of measuring time was by the amount of the celestial 
equator which had passed a bound (horizon or meridian). This was often con¬ 
nected with the rising-times of ecliptic arcs (see pp. 18-19). This measurement 
was in degrees. Since 360° of the equator cross the meridian in about one^day, 
one time-degree’ equals Ath of an equinoctial hour or 4 minutes. The Greek 
term is xpovoi iar|peptvoi (‘equatorial times’), sometimes abbreviated to 
Xpovot (‘times’). 

(vi) Other 

mean (peoog) can imply ‘of average length’ (as in ‘mean synodic month’) or 
‘uniform’ (as in ‘mean motion in longitude’). 

hypothesis. With some hesitation, I have used this to translate U7io0eai<;, 
although the connotation in the Almagest never really coincides with the r 
modern one. Whereas we use ‘hypothesis’ to denote a tentative theory which 
has still to be verified, Ptolemy usually means by wcoOsmc; something more like 
‘model’, ‘system of explanation’, often indeed referring to ‘the hypotheses 
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which we have demonstrated*. The word still retains much of the etymological 
meaning of‘basis on which something else is constructed*. The corresponding 
verbal forms are {moTtGetai, (moKEiiai, which I have frequently translated, 
not only as ‘assume’, but even as ‘it is given*. They are standard terms of Greek 
geometry in this sense at least as early as Euclid. 


6. Editorial procedures 

Since the translation is based principally on theTeubner text of Heiberg (see p. 
3), it is keyed to that edition by the addition of Heiberg’s page numbers in the 
margin. There and elsewhere references to Heiberg are preceded by ‘H*. Thus 
HI 236,15 means ‘Heiberg’s edition, Vol. I p. 236 line 15*. Where the context 
makes it unnecessary the volume number is omitted. 

Brackets are used as follows. Square brackets [ ] enclose explanatory 

additions to or expansions of the Greek text by the translator. Curved brackets 
{ } enclose passages which I believe to be later additions to Ptolemy’s original 

text. Parentheses ( ) are used merely for clarity, better to express the author’s 

sequence of thought. 

As explained on p. 5, I believe the list of chapter headings preceding each 
book to be a later addition. Nevertheless, since these serve a useful purpose, I 
have grouped them together at the beginning (pp. 27-32) to serve as a table of 
contents. 

I have made no elfort to provide a continuous commentary, but refer the 
reader to the relevant sections in Olaf Pedersen's A Survey of the Almagest 
(abbreviated ‘Pedersen’) and O. Neugebauer’s*4 History of Ancient Mathematical 
Astronomy (abbreviated HAMA). My footnotes are confined to particulars not 
treated by them, or requiring some elaboration, and to textual corrections. In 
Appendix A, however, I have provided worked examples of every type of 
problem (including, where it is not utterly trivial, the use of the tables) which 
arises in the Almagest, except where Ptolemy himself gives a worked example. 
Where possible, my example is taken from a calculation or observation actually 
occurring in the Almagest. Appendix B lists all my corrections to Heiberg’s text. 
Appendix C discusses the problem of the derivation of Ptolemy’s planetary 
mean motions, which has never been adequately treated. 

The index includes all proper names occurring in the text, and certain 
selected topics (mostly taken from the Introduction and footnotes). It also 
contains ail observations recorded in the Almagest, under the topic or body 
concerned (e.g. ‘equinox’, ‘moon’). For a list of the observations in chrono¬ 
logical order the reader is referred to Pedersen’s Appendix A. 

In drawing the diagrams I have tried to reproduce the manuscript tradition, 
while at the same time making the figures as clear as possible by marking the 
points unambiguously. Since there is often considerable variation in the 
manuscript representations, I have been forced to make many choices; but I 
have not ‘modernized’ the figures. Where a figure seemed inadequate, I have 
not changed it, but have added an explanatory one of my own. Such 
explanatory (and other supplementary) figures are distinguished by alpha- 
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bcticaJ numbering (‘Fig. A’ etc.), whereas figures reproduced from the 
manuscripts are numbered according to the book and the order within that 
book (thus ‘Fig. 3. ID’ indicates that this is the tenth diagram in Book III; in the 
manuscripts they are not usually numbered, but where they are, they are 
numbered separately in each book). I have represented the Greek letters of the 
figures by the following system: 


Text Trans. 

— 

Text Trans. 

"" 

Text Trans. 

A A 

B B 

r G 

A D 

E E 

Z Z 

H H 

0 0 


I J 

K K 

A L 

M M 

N N 

E X 

o o 


n P 

P R 

.2 S 

T T 

Y Y 

O F 

X Q, 

¥ V 


7. Other conventional symbols and abbreviations 

e eccentricity * 

r radius of epicycle or body 

M length of longest day in hours 

m length of shortest day in hours 

R radius of principal circle (e.g. of deferent) 
a (1) right ascension (see p. 18) 

(2) anomaly (see p. 21) 

P celestial latitude 

5 declination 

E obliquity of ecliptic 

T| elongation 

0 equation 

i inclination of orbit (of moon or planet) 

K ‘centrum', i.e. distance from apogee (see p. 22) 

X longitude 

p (1) oblique ascension (see p. 18) 

(2) geocentric distance 
<p terrestrial latitude 

a) distance from northpoint on orbit 

A bar over a letter denotes ‘mean’, thus X = ‘mean longitude’. 

The following are used in a raised position (e.g. 2 P ) to denote units: 
d days 

h equinoctial hours 
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m months 

y years 

p ‘parts', i.e. the arbitrary units in trigonometrical calculations (see pp. 

7-9) 

° degrees 

00 demi degrees (2°° = 1°, see p. 8) 

% degrees per day 

In the star catalogue only, * indicates some doubt about the reading. For other 
abbreviations particular to the star catalogue see p. 341 n.95. 

Zodiacal signs 


T Aries 

°P 0° = 0° in longitude 

8 Taurus 

oc 
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Book I 


1. {Preface}* 

The true philosophers, Syrus, 4 5 were, I think, quite right to distinguish the 
theoretical part of philosophy from the practical. For even if practical 
philosophy, before it is practical, turns out to be theoretical, 6 nevertheless one 
can see that there is a great difference between the two: in the first place, it is 
possible for many people to possess some of the moral virtues even without being 
taught, whereas it is impossible to achieve theoretical understanding of the 
universe without instruction; furthermore, one derives most benefit in the first 
case [practical philosophy] from continuous practice in actual affairs, but in the 
other [theoretical philosophy] from making progress in the theory. Hence we 
thought it fitting to guide our actions (under the impulse of our actual ideas [of H5 
what is to be done]) in such a way as never to forget, even in ordinary affairs, to 
strive for a noble and disciplined disposition, but to devote niost of our time to 
intellectual matters, in order to teach theories, which are so many and 
beautiful, and especially those to which the epithet ‘mathematical’ is particu¬ 
larly applied. For Aristotle divides theoretical philosophy too, very fittingly, 
into three primary categories, physics, mathematics and theology. 7 For 
everything that exists is composed of matter, form and motion; none of these 
[three] can be observed in its substratum by itself, without the others: they can 
only be imagined. Now the first cause of the first motion of the universe, if one 
considers it simply, can be thought of as an invisible and motionless deity; the 
division [of theoretical philosophy] concerned with investigating this [can be 
called] ‘theology’, since this kind of activity, somewhere up in the highest 
reaches of the universe, can only be imagined, and is completely separated from 


4 This ‘philosophical’ preface and its relationship to Ptolemy’s attitude to philosophy is discussed 
by Boll, Sludien 68-76, to which the reader is referred for the relevant passages in ancient literature. 
The general standpoint is Aristotelian. 

5 Syrus is also the addressee of a number of other works by Ptolemy (seeToomer(5] 187). Nothing 
is known about him. The name is very common in (but not confined to) Greco-Roman Egypt. The 
statement in a scholion to the Tetrabiblos (quoted by Boll, Studien 67, n. 2) that some say he was a 
fictitious person, others that he was a doctor, merely reveals that he was equally unknown in late 
antiquity. 

6 Theon in his commentary (Rome II 320,13-14) gives <pqm . . . ouppepqicevcu tS iipaKTiic§ to 
7tpoTEpov autou too Oetopiycucou Tuy^dveiv. This is a paraphrase rather than a different reading, 
but shows that he understood the text as I have translated it. By this obscure expression I take\ 
Ptolemy to mean that before actually practising virtues one must have some concept of them (even 
though this is innate rather than taught). 

7 E. g. Metaphysics E 1,10£6a 18 IT., (Sore Tpeiq av eiev tpiXocotpiai OecDpTjTiicai, paOqpaTucq, 
tpuauen, OeoXoyucn. 
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/ L Relation of astronomy to philosophy 

perceptible reality. The division [of theoretical philosophy] which investigates 
material and ever-moving nature, and which concerns itself with ‘white’, ‘hot’, 
‘sweet*, ‘soft’ and suchlike qualities one may call ‘physics’; such an order of 
being is situated (for the most part) amongst corruptible bodies and below the 
lunar sphere. That division [of theoretical philosophy] which determines the 
H6 nature involved in forms and motion from place to place, and which serves to 
investigate shape, number, size, and place, time and suchlike, one may define as 
‘mathematics’. Its subject-matter falls as it were in the middle between the 
other two, since, firstly, it can be conceived of both with and without the aid of 
the senses, and, secondly, it is an attribute of all existing things without 
exception, both mortal and immortal: for those things which are perpetually 
changing in their inseparable form, it changes with them, while for eternal 
things which have an aethereal 8 nature, it keeps their unchanging form 
unchanged. 

From all this we concluded: 9 that the first two divisions of theoretical 
philosophy should rather be called guesswork than knowledge, theology 
because of its completely invisible and ungraspable nature, physics because of 
the unstable and unclear nature of matter; hence there is no hope that 
philosophers will ever be agreed about them; and that only mathematics can 
provide sure and unshakeable knowledge to its devotees, provided one 
approaches it rigorously. For its kind of proof proceeds by indisputable 
methods, namely arithmetic and geometry. Hence we were drawn to the 
investigation of that part of theoretical philosophy, as far as we were able to 
the whole of it, but especially to the theory concerning divine and heavenly 
things. For that alone is devoted to the investigation of the eternally 
H7 unchanging. For that reason it too can be eternal and unchanging (which is a 
proper attribute of knowledge) in its own domain, which is neither unclear nor 
disorderly. Furthermore it can work in the domains of the other [two divisions 
of theoretical philosophy] no less than they do. For this is the best science to help 
theology along its way, since it is the only one which can make a good guess at 
[the nature of] that activity which is unmoved and separated: [it can do this 
because] it is familiar with the attributes of those beings 10 which are on the one 
hand perceptible, moving and being moved, but on the other hand eternal and 
unchanging, [I mean the attributes] having to do with motions and the 
arrangements of motions. As for physics, mathematics can make a significant 
contribution. For almost every peculiar attribute of material nature becomes 
apparent from the peculiarities of its motion from place to place. [Thus one can 
distinguish] the corruptible from the incorruptible by [whether it undergoes] 
motion in a straight line or in a circle, and heavy from light, and passive from 
active, by [whether it moves] towards the centre or away from the centre. With 


8 ‘aethereal' (cu0Epc65n<;) has a precise meaning in Aristotelian physics: everything above the 
sphere of the moon is composed of an incorruptible’ substance, unlike anything known on earth in 
its consistency (very thin) and in its natural motion (circular). See I 3 p. 40. One of the names for 
this substance is aether, another ‘fifth essence’. See Campanus IV n. 56, pp. 394-5. 

9 In this exaltation of mathematics above the other two divisions of philosophy Ptolemy parts 
company with Aristotle, for whom theology was the most noble pursuit for the human mind. 

10 The heavenlv Ixxlies. 
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regard to virtuous conduct in practical actions and character, this science, 
above all things, could make men see clearly; from the constancy, order, 
symmetry and calm which are associated with the divine, it makes its followers 
lovers of this divine beauty, accustoming them and reforming their natures, as it 
were, to a similar spiritual state. 

It is this love of the contemplation of the eternal and unchanging which we 
constantly strive to increase, by studying those parts of these sciences which H8 
have already been mastered by those who approached them in a genuine spirit 
of enquiry, and by ourselves attempting to contribute as much advancement as 
has been made possible by the additional time between those people and 
ourselves. 11 We shall try to note down 12 everything which we think we have 
discovered up to the present time; we shall do this as concisely as possible and in 
a manner which can be followed by those who have already made some progress 
in the field. 13 For the sake of completeness in our treatment we shall set out 
everything useful for the theory of the heavens in the proper order, but to avoid 
undue length we shall merely recount what has been adequately established by 
the ancients. However, those topics which have not been dealt with [by our 
predecessors] at all, or not as usefully as they might have been, will be discussed 
at length, to the best of our ability. 


2. {On the order of the theorems } 

In the treatise which we propose, then, the first order of business is to grasp the 
relationship of the earth taken as a whole to the heavens taken as a whole. 14 In 
the treatment of the individual aspects which follows, we must first discuss the 
position of the ecliptic 1;> and the regions of our part of the inhabited world and 
also the features differentiating each from the others due to the [varying] 
latitude at each horizon taken in order. 16 For if the theory of these matters is H9 
treated first it will make examination of the rest easier. Secondly, we have to go 
through the motion of the sun and of the moon, and the phenomena 
accompanying these [motions]; 1 ' for it would be impossible to examine the 
theory of the stars 18 thoroughly without first having a grasp of these matters. 

Our final task in this way of approach is the theory of the stars. Here too it 
would be appropriate to deal first with the sphere of the so-called ‘fixed stars’, 19 


11 This notion of the advancement of science, and particularly astronomy, by the additional time 
available is one to which Ptolemy recurs in the epilogue tXIII 11 p. 647), and also, in a specifically 
astronomical context, at VII 1 p. 321 and VII 3 p. 329. 

‘-uTtopvppaTiaaoOai. A u7topvr|pa is a 'memoir . usually implying summary brevity. Ptolemy 
recurs to this too in the epilogue (XIII 11 p. 647). 

13 Ptolemy assumes that his readers will have a certain competence. See Introduction p. 6. 

14 1 3-8. On the logic of Ptolemy's order see Introduction pp. 5-6. 

,5 I 12-16. The mathematical section I 10-11 is not specifically mentioned here. 

16 Book II. 

17 Books III-VI. 

18 ‘Stars’ here and throughout chs. 3-8 includes both fixed stars and planets (see Introduction p. 
21) and also, sometimes, sun and moon. 

19 Books VII-VIII. 
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and follow that by treating the five ‘planets’, as they are called. 20 We shall try to 
provide proofs in all of these topics by using as starting-points and foundations, 
as it were, for our search the obvious phenomena, and those observations made 
by the ancients and in our own times which are reliable. We shall attach the 
subsequent structure of ideas to this [foundation] by means of proofs using 
geometrical methods. 

The general preliminary discussion covers the following topics: the heaven is 
spherical in shape, and moves as a sphere; the earth too is sensibly spherical in 
shape, when taken as a whole; in position it lies in the middle of the heavens very 
much like its centre; in size and distance it has the ratio of a point to the sphere of 
H10 the fixed stars; and it has no motion from place to place. We shall briefly discuss 
each of these points for the sake of reminder. 


3. {That the heavens move like a sphere) 21 

It is plausible to suppose that the ancients got their first notions on these topics 
from the following kind of observations. They saw that the sun, moon and other 
stars were carried from east to west along circles which were always parallel to 
each other, that they began to rise up from below the earth itself, as it were, 
gradually got up high, then kept on going round in similar fashion and getting 
lower, until, falling to earth, so to speak, they vanished completely, then, after 
remaining invisible for some time, again rose afresh and set; and [they saw] that 
the periods of these [motions], and also the places of rising and setting, were, on 
the whole, fixed and the same. 

What chiefly led them to the concept of a sphere was the revolution of the 
ever-visible stars, which was observed to be circular, and always taking place 
about one centre, the same [for all]. For by necessity that point became [for 
Hll them] the pole of the heavenly sphere: those stars which were closer to it 
revolved on smaller circles, those that were farther away described circles ever 
greater in proportion to their distance, until one reaches the distance of the stars 
which become invisible. In the case of these, too, they saw that those near the 
ever-visible stars remained invisible for a short time, while those farther away 
remained invisible for a long time, again in proportion [to their distance]. The 
result was that in the beginning they got to the aforementioned notion solely 
from such considerations; but from then on, in their subsequent investigation, 
they found that everything else accorded with it, since absolutely all 
phenomena are in contradiction to the alternative notions which have been 
propounded. 

For if one were to suppose that the stars’ motion takes place in a straight line 
towards infinity, as some people have thought, 22 what device could one 


20 Books IX-XIIl. 

21 Sec Pedersen 36-7. 

22 According to Theon’s commentary (Rome II 338) this belief was Epicurean, but I know of no 
other evidence. The only other relevant passage appears to be Xenophanes, Diels-Kranz A41a (the 
sun really moves towards infinity). 
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conceive of which would cause each of them to appear to begin their motion 
from the same starting-point every day? How could the stars turn back if their 
motion is towards infinity? Of, if they did turn back, how could this not be 
obvious? [On such a hypothesis], they must gradually diminish in size until they 
disappear, whereas, on the contrary, they are seen to be greater at the very 
moment of their disappearance, at which time they are gradually obstructed 
and cut off, as it were, by the earth’s surface. 

But to suppose that they are kindled as they rise out of the earth and are 
extinguished again as they fall to earth is a completely absurd hypothesis. 23 For 
even if we were to concede that the strict order in their size and number, their H12 
intervals, positions and periods could be restored by such a random and chance 
process; that one whole area of the earth has a kindling nature, and another an 
extinguishing one, or rather that the same part [of the earth] kindles for one set 
of observers and extinguishes for another set; and that the same stars are already 
kindled or extinguished for some observers while they are not yet for others: 
even if, I say, we were to concede all these ridiculous consequences, what could 
we say about the ever-visible stars, which neither rise nor set? Those stars which 
are kindled and extinguished ought to rise and set for observers everywhere, 
while those which are not kindled and extinguished ought always to be visible 
for observers everywhere. What cause could we assign for the fact that this is not 
so? We will surely not say that stars which are kindled and extinguished for 
some observers never undergo this process for other observers. Yet it is utterly 
obvious that the same stars rise and set in certain regions [of the earth] and do 
neither at others. 

To sum up, if one assumes any motion whatever, except spherical, for the 
heavenly bodies, it necessarily follows that their distances, measured from the 
earth upwards, must vary, wherever and however one supposes the earth itself 
to be situated. Hence the sizes and mutual distances of the stars must appear to 
vary for the same observers during the course of each revolution, since at one H13 
time they must be at a greater distance, at another at a lesser. Yet we see that no 
such variation occurs. For the apparent increase in their sizes at the horizons 24 is 
caused, not by a decrease in their distances, but by the exhalations of moisture 
surrounding the earth being interposed between the place from which we 
observe and the heavenly bodies, just as objects placed in water appear bigger 
than they are, and the lower they sink, the bigger they appear. 

The following considerations also lead us to the concept of the sphericity, of 
the heavens. No other hypothesis but this can explain how sundial constructions 
produce correct results; furthermore, the motion of the heavenly bodies is the 
most unhampered and free of all motions, and freest motion belongs among 


23 Theon (Rome II340) ascribes this to Heraclitus. Otherwise it is attested for Xenophanes (Diels- 
Kranz A38), and was admitted as one possible explanation by Epicurus (e.g. Letter to Pythocles 92) 
and his followers. 

24 Ptolemy refers to the well-known phenomenon that the sun and moon appear larger when close 
to the horizon. He gives an incorrect physical and optical explanation here. In a later work (Optics 
III 60, ed. Lejeune p. 116) he correctly explains it as a purely psychological phenomenon. No doubt 
instrumental measurement ofjthe apparent diameters had convinced him that the enlargement is 
entirely illusory. 
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plane figures to the circle and among solid shapes to the sphere; similarly, since 
of different shapes having an equal boundary those with more angles are greater 
[in area or volume], the circle is greater than [all other] surfaces, and the sphere 
greater than [all other] solids; 25 [likewise] the heavens are greater than all other 
bodies. 

Furthermore, one can reach this kind of notion from certain physical 
H14 considerations. E.g., the aether is, of all bodies, the one with constituent parts 
which are finest and most like each other; now bodies with parts like each other 
have surfaces with parts like each other; but the only surfaces with parts like each 
other are the circular, among planes, and the spherical, among three- 
dimensional surfaces. And since the aether is not plane, but three-dimensional, 
it follows that it is spherical in shape. Similarly, nature formed ail earthly and 
corruptible bodies out of shapes which are round but of unlike parts, but all 
aethereal and divine bodies out of shapes which are of like parts and spherical. 
For if they were Hat or shaped like a discus 26 they would not always display a 
circular shape to all those observing them simultaneously from different places 
on earth. For this reason it is plausible that the aether surrounding them, too, 
being of the same nature, is spherical, and because of the likeness of its parts 
moves in a circular and uniform fashion. 


4. {That the earth too , taken as a whole , is sensibly spherical} 21 

That the earth, too, taken as a whole, 28 is sensibly spherical can best be grasped 
from the following considerations. We can see, again, that the sun, moon and 
H15 other stars do not rise and set simultaneously for everyone on earth, but do so 
earlier for those more towards the east, later for those towards the west. For we 
find that the phenomena at eclipses, especially lunar eclipses, 29 which take 
place at the same time [for all observers], are nevertheless not recorded as 
occurring at the same hour (that is at an equal distance from noon) by all 
observers. Rather, the hour recorded by the more easterly observers is always 
later than that recorded by the more westerly. We find that the differences in 
the hour are proportional to the distances between the places [of observation]. 
Hence one can reasonably conclude that the earth’s surface is spherical, 
because its evenly curving surface (for so it is when considered as a whole) cuts 
off [the heavenly bodies] for each set of observers in turn in a regular fashion. 

If the earth’s shape were any other, this would not happen, as one can see 
from the following arguments. If it were concave, the stars would be seen rising 
first by those more towards the west; if it were plane, they would rise and set 

25 These propositions were proved in a work by Zenodorus (early second century a a, see 
Toomer[l]) from which extensive excerpts are given by (among others) Theon (Rome II355-79). 
There is a good summary in Heath HGM II 207-13. 

26 The only relevant passage I know is Empedocles, Diels-Kranz A60, who maintained that the 
moon is disk-shaped. 

27 See Pedersen 37-9. 

28 ‘taken as a whole’: ignoring local irregularities such as mountains, which are negligible in 
comparison to the total mass. 

29 The timings for solar eclipses are complicated by parallax. 
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simultaneously for everyone on earth; if it were triangular or square or any 
other polygonal shape, by a similar argument, they would rise and set simul¬ 
taneously for all those living on the same plane surface. Yet it is apparent that 
nothing like this takes place. Nor could it be cylindrical, with the curved surface 
in the east-west direction, and the flat sides towards the poles of the universe, HI6 
which some might suppose more plausible. This is clear from the following: for 
those living on the curved surface none of the stars would be ever-visible, but 
either all stars would rise and set for all observers, or the same stars, for an equal 
[celestial] distance from each of the poles, would always be invisible for all 
observers. In fact, the further we travel toward the north, the more 30 of the 
southern stars disappear and the more of the northern stars appear. Hence it is 
clear that here too the curvature of the earth cuts off [the heavenly bodies] in a 
regular fashion in a north-south direction, and proves the sphericity [of the 
earth] in all directions. 

There is the further consideration that if we sail towards mountains or 
elevated places from and to any direction whatever, they are observed to 
increase gradually in size as if rising up from the sea itself in which they had 
previously been submerged: this is due to the curvature of the surface of the 
water. 


5. {That the earth is in the middle of the heavens } 31 

Once one has grasped this, if one next considers the position of the earth, one 
will find that the phenomena associated with it could take place only if we HI 7 
assume that it is in the middle of the heavens, like the centre of a sphere. For if 
this were not the case, the earth would have to be either 

[a] not on the axis [of the universe] but equidistant from both poles, or 

[b] on the axis but removed towards one of the poles, or 

[c] neither on the axis nor equidistant from both poles. 

Against the first of these three positions militate the following arguments. If 
we imagined [the earth] removed towards the zenith or the nadir of some 
observer, then, if he were at sphaera recta , he would never experience equinox, 
since the horizon would always divide the heavens into two unequal parts, one 
above and one below the earth; if he were at sphaera obliqua , either, again, 
equinox would never occur at all, or, [if it did occur,] it would not be at a 
position halfway between summer and winter solstices, since these intervals 
would necessarily be unequal, because the equator, which is the greatest of all 
parallel circles drawn about the poles of the [daily] motion, would no longer be 
bisected by the horizon; instead [the horizon would bisect] one of the circles 
parallel to the equator, either to the north or to the south of it. Yet absolutely 
everyone agrees that these intervals are equal everywhere on earth, since H18 
[everywhere] the increment of the longest day over the equinoctial day at the 

30 Reading nXeiova (with D) for ta icXfiiova at HI6,9. Corrected by Manitius. 

31 See Pedersen 39-42. 
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summer solstice is equal to the decrement of the shortest day from the 
equinoctial day at the winter solstice. But if, on the other hand, we imagined the 
displacement to be towards the east or west of some observer, he would find that 
the sizes and distances of the stars would not remain constant and unchanged at 
eastern and western horizons, and that the time-interval from rising to 
culmination would not be equal to the interval from culmination to setting. 
This is obviously completely in disaccord with the phenomena. 

Against the second position, in which the earth is imagined to lie on the axis 
removed towards one of the poles, one can make the following objections. If this 
were so, the plane of the horizon would divide the heavens into a part above the 
earth and a part below the earth which are unequal and always different for 
different latitudes, 32 whether one considers the relationship of the same part at 
two different latitudes or the two parts at the same latitude. Only at sphaera recta 
could the horizon bisect the sphere; at a sphaera ohliqua situation such that the 
nearer pole were the ever-visible one, the horizon would always make the part 
above the earth lesser and the part below the earth greater; hence another 
phenomenon would be that the great circle of the ecliptic would be divided into 
H19 unequal parts by the plane of the horizon. Yet it is apparent that this is by no 
means so. Instead, six zodiacal signs are visible above the earth at all times and 
places, while the remaining six are invisible; then again [at a later time] the 
latter are visible in their entirety above the earth, while at the same time the 
others are not visible. Hence it is obvious that the horizon bisects the zodiac, 
since the same semi-circles are cut off by it, so as to appear at one time 
completely above the earth, and at another [completely] below it. 

And in general, if the earth were not situated exactly below the [celestial] 
equator, but were removed towards the north or south in the direction of one of 
the poles, the result would be that at the equinoxes the shadow of the gnomon at 
sunrise would no longer form a straight line with its shadow at sunset in a plane 
parallel to the horizon, not even sensibly. 33 Yet this is a phenomenon which is 
plainly observed everywhere. 

It is immediately clear that the third position enumerated is likewise 
impossible, since the sorts of objection which we made to the first [two] will both 
arise in that case. 

To sum up, if the earth did not lie in the middle [of the universe], the whole 
order of things which we observe in the increase and decrease of the length of 
daylight would be fundamentally upset. Furthermore, eclipses of the moon 
would not be restricted to situations where the moon is diametrically opposite 
the sun (whatever part of the heaven [the luminaries are in]), since the earth 
H20 would often come between them when they were not diametrically opposite, 
but at intervals of less than a semi-circle. 


32 The word translated here and elsewhere as ‘{terrestrial] latitude* isKXlpa, for the meaning of 
which see Introduction p. 19. 

33 The caveat ‘sensibly’ is inserted because the equinox is not a date but an instant of time. 
Therefore on the day of equinox the sun does not rise due east and set due west (as is implied by the 
rising and setting shadows lying on the same straight line). However, the difference would be 
‘imperceptible to the senses’. 
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6. {That the earth has the ratio of a point to the heavens } 34 

Moreover, the earth has, to the senses, the ratio of a point to the distance of the 
sphere of the so-called fixed stars. 35 A strong indication of this is the fact that the 
sizes and distances of the stars, at any given time, appear equal and the same 
from all parts of the earth everywhere, as observations of the same [celestial] 
objects from different latitudes are found to have not the least discrepancy from 
each other. One must also consider the fact that gnomons set up in any part of 
the earth whatever, and likewise the centres of armillary spheres, 36 operate like 
the real centre of the earth; that is, the lines of sight [to heavenly bodies] and the 
paths of shadows caused by them agree as closely with the [mathematical] 
hypotheses explaining the phenomena as if they actually passed through the real 
centre-point of the earth. 

Another clear indication that this is so is that the planes drawn through the; 
observer’s lines of sight at any point [on earth], which we call "horizons’, always 
bisect the whole heavenly sphere. This would not happen if the earth were of H21 
perceptible size in relation to the distance of the heavenly bodies; in that case 
only the plane drawn through the centre of the earth could bisect the sphere, 
while a plane through any point on the surface of the earth would always make 
the section [of the heavens] below the earth greater than the section above it. 


7. {That the earth does not have any motion from place to place , either } 37 

One can show by the same arguments as the preceding that the earth cannot 
have any motion in the aforementioned directions, or indeed ever move at all 
from its position at the centre. For the same phenomena would result as would if 
it had any position other than the central one. Hence I think it is idle to seek for 
causes for the motion of objects towards the centre, once it has been so clearly 
established from the actual phenomena that the earth occupies the middle 
place in the universe, and that all heavy objects are carried towards the earth. 

The following fact alone would most readily lead one to this notion [that all 
objects fall towards the centre]. In absolutely all parts of the earth, whictt, as we 
said, has been shown to be spherical and in the middle of the universe, the 
direction 38 and path of the motion (I mean the proper, [natural] motion) of all H22 
bodies possessing weight is always and everywhere at right angles to the rigid 
plane drawn tangent to the point of impact. It is clear from this fact that, if 


34 See Pedersen 42-3. 

35 Ptolemy qualifies the traditional terminology for the fixed stars as ‘so-called’ (icaA.ou|ieva)v) 
because they do in fact, according to him, have a motion (the modem ‘precession’). He develops the 
point further at VII 1 p. 321, q.v. In general, however, he uses the traditional terminology without 
qualification. 

36 An example of an armillary sphere (KptKtoTTj otpmpa) is the ‘astrolabe’ described in V 1. For 
references to the term in other works see LSJ s.v. KptKO>TO<;. 

37 See Pedersen 43-4. 

38 7tp6<rveuCTi<;, which I have translated ‘the direction of motion’ here, means basically ‘direction 
in which something points’ (for astronomical usages see V 3 p. 227 n. 19 and VI 11 p. 313 n. 77). 
Thus it would also include here the direction of a plumb-line (cf. I 12 p. 62). 
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[these falling objects] were not arrested by the surface of the earth, they would 
certainly reach the centre of the earth itself, since the straight line to the centre is 
also always at right angles to the plane tangent to the sphere at the point of 
intersection [of that radius] and the tangent. 

Those who think it paradoxical that the earth, having such a great weight, is 
not supported by anything and yet does not move, seem to me to be making the 
mistake of judging on the basis of their own experience instead of taking into 
account the peculiar nature of the universe. They would not, I think, consider 
such a thing strange once they realised that this great bulk of the earth, when 
compared with the whole surrounding mass [of the universe], has the ratio of a 
point to it. For when one looks at it in that way, it will seem quite possible that 
that which is relatively smallest should be overpowered and pressed in equally 
from all directions to a position of equilibrium by that which is the greatest of all 
H23 and of uniform nature. For there is no up and down in the universe with respect 
to itself, i9 any more than one could imagine such a thing in a sphere: instead the 
proper and natural motion of the compound bodies in it is as follows: light and 
rarefied bodies drift outwards towards the circumference, but seem to move in 
the direction which is up’ for each observer, since the overhead direction for all 
of us, which is also called ‘up\ points towards the surrounding surface; 40 heavy 
and dense bodies, on the other hand, are carried towards the middle and the 
centre, but seem to fall downwards, because, again, the direction which is for all 
us towards our leet, called ‘down’, also points towards the centre of the earth. 
These heavy bodies, as one would expect, settle about the centre because of 
their mutual pressure and resistance, which is equal and uniform from all 
directions. Hence, too, one can see that it is plausible that the earth, since its 
total mass is so great compared with the bodies which fall tow ards it, can remain 
motionless under the impact of these very small weights (for they strike it from 
all sides), and receive, as it were, the objects falling on it. If the earth had a single 
motion in common with other heavy objects, it is obvious that it would be 
carried down faster than all of them because of its much greater size: living 
H24 things and individual heavy objects would be left behind, riding on the air, and 
the earth itself would very soon have fallen completely out of the heavens. But 
such things are utterly ridiculous merely to think of. 

But certain people, 41 [propounding] what they consider a more persuasive 
view, agree with the above, since they have no argument to bring against it, but 
think that there could be no evidence to oppose their view if, for instance, they 
supposed the heavens to remain motionless, and the earth to revolve from west 
to east about the same axis [as the heavens], making approximately one 
revolution each day; 42 or if they made both heaven and earth move by any 
amount whatever, provided, as we said, it is about the same axis, and in such a 

19 Reading autov (with D, Is) lor autrjv at H23,l. 

40 It is not clear to me whether Ptolemy means the outmost boundary of the universe or merely the 
surface (of the ‘aether’) surrounding the earth . 

41 Heraclides of Pontos (late fourth century RC) is the earliest certain authority for the view that 
the earth rotates on its axis. See HAMA II694-6. It was also adopted by Aristarchus as part of his 
more radical heliocentric hypothesis. 

42 ‘approximately’ because one revolution takes place in a sidereal, not a solar day. 
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way as to preserve the overtaking of one by the other. However, they do not 
realise that, although there is perhaps nothing in the celestial phenomena 
which would count against that hypothesis, at least from simpler considerations, 
nevertheless from what would occ ur here on earth and in the air, one can see 
that such a notion is quite ridiculous. Let us concede to them [for the sake of 
argument] that such an unnatural thing could happen as that the most rare and 
light of matter should either not move at all or should move in a way no different 
from that of matter with the opposite nature (although things in the air, which 
are less rare [than the heavens] so obviously move with a more rapid motion 
than any earthy object); [let us concede that] the densest and heaviest objects H25 
have a proper motion of the quick and uniform kind which they suppose 
(although, again, as all agree, earthy objects are sometimes not readily moved 
even by an external force). Nevertheless, they would have to admit that the 
revolving motion of the earth must be the most violent of all motions associated 
with it, seeing that it makes one revolution in such a short time; the result would 
be that all objects not actually standing on the earth would appear to have the 
same motion, opposite to that of the earth: neither clouds nor other Hying or 
thrown objects would ever be seen moving towards the east, since the earth's 
motion towards the east would always outrun and overtake them, so that all 
other objects would seem to move in the direction of the west and the rear. But if 
they said that the air is carried around in the same direction and with the same 
speed as the earth, the compound objects in the air would none the less always 
seem to be left behind by the motion of both [earth and air]; or if those objects 
too were carried around, fused, as it were, to the air, then they would never 
appear to have any motion either in advance or rearwards: they would always 
appear still, neither wandering about nor changing position, whether they were 
Hying or thrown objects. Yet we quite plainly see that they do undergo all these H26 
kinds of motion, in such a way that they are not even slowed down or speeded up 
at all by any motion of the earth. 


8. [That there are two different primary motions in the heavens}** 

It was necessary to treat the above hypotheses first as an introduction to the 
discussion of particular topics and what follows after. The above summary 
outline of them will suffice, since they will be completely confirmed and further 
proven by the agreement with the phenomena of the theories which we shall 
demonstrate in the following sections. In addition to these hypotheses, it is 
proper, as a further preliminary, to introduce the following general notion, that 
there are two different primary motions in the heavens. One of them is that 
which carries everything from east to west: it rotates them with an unchanging 
and uniform motion along circles parallel to each other, described, as is 
obvious, about the poles of this sphere which rotates everything uniformly. The 
greatest of these circles is called the ‘equator’, 44 because it is the only [such 


43 Sec Pedersen 45. 

44 ‘equator 1 : iernpepivo*;, literally ‘of equal day 1 or ‘equinoctial 1 . See Introduction p. 19. 
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parallel circle] which is always bisected by the horizon (which is a great circle), 
and because the revolution which the sun makes when located on it produces 
equinox everywhere, to the senses. The other motion is that by which the 
H27 spheres of the stars perform movements in the opposite sense to the first motion, 
about another pair of poles, which are different from those of the first rotation. 
We suppose that this is so because of the following considerations. When we 
observe for the space of any given single day, all heavenly objects whatever are 
seen, as far as the senses can determine, to rise, culminate and set at places 
which are analogous and lie on circles parallel to the equator; this is 
characteristic of the first motion. But when we observe continuously without 
interruption over an interval of time, it is apparent that while the other stars 
retain their mutual distances and (for a long time) the particular characteristics 
arising from the positions they occupy as a result of the first motion, 45 the sun, 
the moon and the planets have certain special motions which are indeed 
complicated and different from each other, but are all, to characterise their 
general direction, 46 towards the east and opposite to [the motion of] those stars 
which preserve their mutual distances and are, as it were, revolving on one 
sphere. 

Now if this motion of the planets too took place along circles parallel to the 
equator, that is, about the poles which produce the first kind of revolution, it 
H28 would be sufficient to assign a single kind of revolution to all alike, analogous to 
the first. For in that case it would have seemed plausible that the movements 
which they undergo are caused by various retardations, and not by a motion in 
the opposite direction. But as it is, in addition to their movement towards the 
east, they are seen to deviate continuously to the north and south [of the 
equator]. Moreover the amount of this deviation cannot be explained as the 
result of a uniformly-acting force pushing them to the side: from that point of 
view it is irregular, but it is regular if considered as the result of [motion on] a 
circle inclined to the equator. Hence we get the concept of such a circle, which is 
one and the same for all planets, and particular to them. It is precisely defined 
and, so to speak, drawn by the motion of the sun, but it is also travelled by the 
moon and the planets, which always move in its vicinity, and do not randomly 
pass outside a zone on either side of it which is determined for each body. Now 
since this too is shown to be a great circle, since the sun goes to the north and 
south of the equator by an equal amount, and since, as we said, the eastward 
motion of all of the planets takes place on one and the same circle, it became 
necessary to suppose that this second, different motion of the whole takes place 
H29 about the poles of the inclined circle we have defined [i.e. the ecliptic], in the 
opposite direction to the first motion. 

If, then, we imagine a great circle drawn through the poles of both the above- 
mentioned circles, (which will necessarily bisect each of them, that is the 
equator and the circle inclined to it [the ecliptic], at right angles), we will have 
four points on the ecliptic: two will be produced by [the intersection of] the 


45 These characteristics of the fixed stars are e.g. dates of first and last visibility. They are 
unchanged ‘for a long time’ because the effect of precession is very slow. 

4b The qualification is inserted here to allow for the retrogradations of the planets. 
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equator, diametrically opposite each other; these are called ‘equinoctial’ 
points. The one at which the motion [of the planets] is from south to north is 
called the ‘spring’ equinox, the other the ‘autumnal’. Two [other points] will be 
produced by [the intersection of] the circle drawn through both poles; these too, 
obviously, will be diametrically opposite each other; they are called ‘tropical’ 

[or ‘solsticial’] points. The one south of the equator is called the ‘winter’ 
[solstice], the one north, the ‘summer [solstice]. 

We can imagine the first primary motion, which encompasses all the other 
motions, as described and as it were defined by the great circle drawn through 
both poles [of equator and ecliptic] revolving, and carrying everything else with 
it, from east to west about the poles of the equator. These poles are fixed, so to 
speak, on the ‘meridian’ circle, which differs from the aforementioned [great] H30 
circle in the single respect that it is not drawn through the poles of the ecliptic 
too at all positions of the latter. Moreover, it is called ‘meridian’ because it is. 
considered to be always orthogonal to the horizon. 47 For a circle in such a 
position divides both hemispheres, that above the earth and that below it, into 
two equal parts, and defines the midpoint of both day and night. 

The second, multiple-part motion is encompassed by the first and encom¬ 
passes the spheres of all the planets. As we said, it is carried around by the 
aforementioned [first motion], but itself goes in the opposite direction about the 
poles of the ecliptic, which are also fixed on the circle which produces the first 
motion, namely the circle through both poles [of ecliptic and equator]. 
Naturally they [the poles of the ecliptic] are carried around with it [the circle 
through both poles], and. throughout the period of the second motion in the 
opposite direction, they always keep the great circle of the ecliptic, which is 
described by that [second] motion, in the same position with respect to the 
equator. 48 


9. { On the individual concepts} 

Such, then are the necessary preliminary concepts which must be summarily set 
out in our general introduction. We are now about to begin the individual 
demonstrations, the first of which, we think, should be to determine the size of H31 
the arc between the aforementioned poles [of the ecliptic and equator] along the 
great circle drawn through them. But we see that it is first necessary to explain 
the method of determining chords: 49 we shall demonstrate the whole topic 
geometrically once and for all. 


47 See Introduction d.19. 

48 My translation follows the interpretation of Theon (Rome II 447). Manitius (p. 24 n. af"' 
wrongly considers rot) ypatpopevou 5i’ aOxf|<; peyiatou xdt A.o£ou icukXou interpolated, partly 
Ijecause he misinterprets oovTTjpouatv (which is used here in a way similar to ouvT^pdOoav at HI 
6 , 1 °). 

49 ‘chords’: literally ‘straight lines in a circle’. On this term see Introduction p. 17. 
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110. Calculation of chord table 

10. {On the size of chords } 50 

For the user’s convenience, then, we shall subsequently set out a table of their 
amounts, dividing the circumference into 360 parts, and tabulating the chords 
subtended by the arcs at intervals of half a degree, expressing each as a number 
of parts in a system where the diameter is divided into 120 parts. [We adopt this 
norm] because of its arithmetical convenience, 51 which will become apparent 
from the actual calculations. But first we shall show how one can undertake the 
calculation of their amounts by a simple and rapid method, using as few 
theorems as possible, the same set for all. We do this so that we may not merely 
H32 have the amounts of the chords tabulated unchecked, but may also readily 
undertake to verify them by computing them by a strict geometrical method. In 
general we shall use the sexagesimal system for our arithmetical computations, 
because of the awkwardness of the [conventional] fractional system. Since we 
always aim at a good approximation, we will earn* out multiplications and 
divisions only as far as to achieve a result which differs from the precision 
achievable by the senses by a negligible amount. 

First, then, [see Fig. 1.1 ] let there be a semi-circle ABG about centre D and on 
diameter ADG. Draw DB perpendicular to AG at D. Let DG be bisected at E, 
join EB, and let EZ be made equal to EB. Join ZB. 


B 



Fig. 1.1 

I say that ZD is the side of the [regular] decagon, and BZ the side of the 
[regular] pentagon. 

[Proof:] Since the straight line DG is bisected at E. and a straight line DZ is 
adjacent to it, 

H33 GZ.ZD + ED 2 = EZ 2 . 52 

But EZ 2 = BE 2 (EB = ZE), 
and EB 2 = ED 2 + DB 2 . 

/. GZ.ZD + ED 2 = ED 2 + DB 2 . 


50 On Ptolemy’s calculation of his chord table see HAMA 21-4, Pedersen 56-63. 

51 The principal convenience is that the radius is 60 parts, or 1,0 in the sexagesimal system. Hence 
in some ways this resembles a sine table with R = 1. 

58 Euclid II 6. 
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GZ.ZD = DB 2 (subtracting ED 2 , common). 

/. GZ.ZD = DG 2 . 

So ZG has been cut in extreme and mean ratio at D. 53 

Now since the side of the hexagon and the side of the decagon, when both are 
inscribed in the same circle, make up the extreme and mean ratios of the same 
straight line, 54 and since GD, being a radius, represents the side of the 
hexagon, 55 DZ is equal to the side of the decagon. 

Similarly, since the square on the side of the pentagon equals the sums of the 
squares on the sides of the hexagon and decagon when all are inscribed in the 
same circle, 56 and, in the right-angled triangle BDZ, the square on BZ equals H34 
the sum of the squares on BD, which is the side of the hexagon, and on DZ, 
which is the side of the decagon, it follows that BZ equals the side of the 
pentagon. 

Since, then, as I said, we set the diameter of the circle as 120 parts, it follows 
from the above that 

DE = 30 p (DE half the radius) 
and DE 2 = 900 p ; 

BD = 60 p (BD a radius) 
and BD 2 = 3600 p . 

And EZ 2 = EB 2 = 4500 p , the sum [of DE 2 and BD 2 ] 
EZ«67;4,55 P 

and by subtraction [of DE from EZ], DZ = 37;4,55 p . 

So the side of the decagon, which subtends 36°, has 37;4,55 p where the diameter 
has 120 p . 

Again, since DZ = 37;4,55 p . 

DZ 2 = 1375:4,15 p ; 57 
and DB 2 = 3600 p , 
so BZ 2 = DZ 2 + DB 2 = 4975;4,15 p . 

BZ« 70 ; 32,3 P . H35 

Therefore the side of the pentagon, which subtends 72°, contains 70:32,3 P 
where the diameter has 120 p . 

It is immediately obvious that the side of the [inscribed] hexagon, which 
subtends 60° and is equal to the radius, contains 60 p . 

Similarly, since the side of the [inscribed] square, which subtends 90°, is 
equal, when squared, to twice the square on the radius, and since the side of the 
[inscribed] triangle, which subtends 120°, is equal, when squared, to three times 
the square on the radius, and the square on the radius is 3600 p , we compute that 
the square on the side of the square is 7200 p 

and the square on the side of the triangle is 10800 p . 


53 Euclid VI Def. 3 states that ‘a straight line has been cut in extreme and mean ratio when, as the 
whole line is to the greater segment, so is the greater to the less’; i.e. here ZG:DG = DG:ZD. 

54 Euclid XIII 9. 

55 Euclid IV 15 porism. 

56 Euclid XIII 10. 

57 The reading 14 (for 15) occurs as a marginal variant, in the Greek mss., here and at related 
places (see apparatus at H34,16; 34,18; 36.4 and 36,7), and, in the Arabic, inT, and was adopted in 
Hajjaj’s translation. It is more accurate, but makes no difference to the final result. 
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110. Chord of the supplement; Ptolemy's Theorem 


Crd 90° « 84;51,10 p 
and Crd 120°~ 103;55,23 p / 


where the diameter is 120 p . 


We can, then, consider the above chords as established individually by the 
above straightforward procedures. It will immediately 58 be obvious that if any 
chord be given, the chord of the supplementary arc is given in a simple fashion, 
H36 since the sum of their squares equals the square on the diameter. For instance, 
since the chord of 36° was shown to be 37;4,55 p , and the square of this is 
1375;4,15 p , and the square on the diameter is 14400 p , the square on the chord of 
the supplementary arc (which is 144°) will be the difference, namely 
13024;55,45, and so 


Crd 144°« 114;7;37 p . 


Similarly for the other chords [of the supplements]. 

We shall next show how the remaining individual chords can be derived from 
the above [chords], first of all setting out a theorem which is extremely useful for 
the matter at hand. 

[See Fig. 1.2.] Let there be a circle with an arbitrary quadrilateral ABGD 
inscribed in it. Join AG and BD. 



We must prove that 

AG.BD = AB.DG + AD.BG. 59 
[Proof:] Make Z ABE = Z DBG. 

Then, if we add Z EBD common, 


Z ABD = Z EBG. 


58 Reading cmtoOev (with D) for £vteD0ev at H35,18. 

58 This proposition, commonly known as ‘Ptolemy’s Theorem’, is not in fact attested before him. 
It remains uncertain whether any of the earlier chord tables (e.g. Menelaus’) used any geometrical 
basis beyond the half-angle theorem (see n. 60 and Toomer(2] 18-19). 
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110. Chord of the difference 

But Z BDA = Z BGE also, since they subtend the same segment. H37 

’• triangle ABD |j| triangle BGE. 

BG:GE = BD:DA. 

•** BG.AD = BD.GE. 

Again, since Z ABE = Z DBG, 
and Z BAE = Z BDG, 
triangle ABE ||| triangle BGD. 

BA:AE = BD:DG. 

/. BA.DG = BD.AE. 

But it was shown that 

BG.AD = BD.GE. 

Therefore, by addition, AG.BD = AB.DG + AD.BG. 

Q.E.D. 

Having established this preliminary theorem, we draw [Fig. 1.3] semi-circle 
ABGD on diameter AD, and draw from A two chords, AB, AG, each given in H38 
size in terms of a diameter of \2(f. Join BG. 

1 say that BG too is given. 

[Proof:] Join BD,GD. 



Then, clearly, BD and GD too will be given, since they are chords of [arcs] 
supplementary [to the arcs of the given chords AB and AG]. 

Now since ABGD is a cyclic quadrilateral, 

AB.GD + AD.BG = AG.BD. 

But AG.BD and AB.GD are given. 

•** AD.BG is given by subtraction. 

And AD is a diameter. 

Therefore chord BG is given. 

And we have shown that, if two arcs and the corresponding chords are given, 
the chord of the difference between the two arcs will also be given. 

It is obvious that by means of this theorem we shall be able to enter [in the 
table] quite a few chords derived from the difference between the individually 
calculated chords, and notably the chord of 12°, since we have those of60° and H39 

72°. 
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110 . Chord of the half-arc 

Let us now consider the problem of finding the chord of the arc which is half 
that of some given chord. 60 

Let [Fig. 1.4] ABG be a semi-circle on diameter AG. Let GB be a given chord. 
Bisect arc GB at D, join AB, AD, BD, DG, and drop perpendicular DZ from D 
on to AG. 


B 



I say that 

ZG = 2 (AG - AB). 

[Proof:] Let AE = AB, and join DE. 

Then since [in the triangles ABD, ADE] 

AB = AE, and AD is common, 
the two pail's of sides AB, AD, and AE, AD are equal. 

Furthermore Z BAD = Z EAD. 

base BD = base DE. 

But BD = DG [by construction] 

DG = DE. 

So, since, in the isosceles triangle DEG, perpendicular DZ has been drawn 
from apex to base 

EZ = ZG. 

But EG = [AG - AE = ] AG - AB. 

ZG = i(AG - AB). 

Now, if the chord of arc BG is given, the supplementary chord AB is 
immediately given. 

Therefore ZG, which is ?(AG - AB), is also given. 

But, since, in the right-angled triangle AGD, the perpendicular DZ has been 
drawn, 

triangle ADG |(| triangle DGZ (both right-angled). 61 

AG:GD = GD:GZ. 

•• AG.GZ = GD 2 . 

60 Although Ptolemy’s formula for the chord of the half-angle can easily be derived from his 
general theorem (see Toomer(2j 16-17), he introduces instead another theorem, which goes back to 
Archimedes (see HAMA 23-4). It is a plausible inference that this is because the latter theorem was 
the sole basis of earlier chord tables, notably Hipparchus’, as I have argued, Toomer[2] 18-19. 

s ' Euclid VI 8. 



110. Chord of the sum 
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But AG.GZ is given. 

Therefore GD 2 is given, and so chord GD, which subtends an arc half of [the arc 
of the given chord] BG, is also given. 

By means of this theorem too a large number of chords will be derived by 
halving [the arcs of] the previously determined chords, and notably, from the 
chord of 12°, the chords of 6°, 3°, l£°and i°. By calculation we find the chord of 
1 2 ° to be approximately 1 ;34,15 p where the diameter is 120 p , and the chord ofi° H41 
to be approximately 0;47,8 P in the same units. 

Again, [see Fig. 1.5] let there be a circle ABGD on diameter AD, with centre 
Z. From A let there be cut off in succession two given arcs, AB, BG. Join the 
corresponding chords AB, BG; they too will be given. 



Fig. 1.5 

I say, that if we join AG, that [chord] too will be given. 

[Proof:] Draw through B diameter BZE, and join BD,DG,GE,DE. It is 
immediately clear that from BG one can derive GE, and from AB one can 
derive BD and DE fail as chords of the supplementary arc]. By an argument 
similar to the preceding [p. 51], since BGDE is a cyclic quadrilateral, in which 
BD and GE are diagonals, the product of the diagonals will be equal to the sum 
of the products of the opposite sides [i.e. BD.GE = BG.DE + BE.GD]. There¬ 
fore, since (BD.GE) and (BG.DE) are both given, (BE.GD) is also given. But 
BE also is given, being a diameter therefore the remaining 62 part, GD, will also H42 
be given, and hence GA, the [chord of the] supplement. 

Therefore, if two arcs and the corresponding chords are given, the chord 
corresponding to the sum of these two arcs will be given by means of this 
theorem. 

It is obvious that by combining [in this way] the chord of l|° with all the 
chords we have already obtained, and then computing successive chords, we 
will be able to enter [in the table] ail chords [of arcs] which when doubled are 


62 Reading i*| Xoun^ (with A) at H42,l for Xoun^ (‘by subtraction’). 
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110. Lemma an ratios of arcs and chords 

divisible by three {i.e. multiples of li 0 ]. Then the only chords remaining to be 
determined will be those between the li° intervals, two in each interval, since 
our table is made at intervals. If, therefore, we can find the chord of 3 °, this 
will enable us to complete [the table with] all the remaining intermediate 
chords, by finding the sum or difference (of 2 0 ] from the given chords at either 
end of the [U°] intervals. Now, if a chord, e.g. the chord of U°, is given, the 
chord corresponding to an arc which is one-third of the previous one cannot be 
found by geometrical methods. 63 (If this were possible, we should immediately 
H43 have the chord of i°). Therefore we shall first derive the chord of 1° from those of 

1 2 0 and i°. [We shall do this] by establishing a lemma which, though it cannot 
in general exactly determine the sizes [of chords], in the case of such very small 
quantities can determine them with a negligibly small error. 

I say, then, that if two unequal chords be given, the ratio of the greater to the 
lesser is less than the ratio of the arc on the greater to the arc on the lesser. 

[See Fig. 1.6] Let there be a circle ABGD, in which there are drawn two 
unequal chords, the lesser AB and the greater BG. 



D 


Fig. 1.6 

I say that 

GB:BA< arc BG: arc BA. 

[Proof:] Let Z ABG be bisected by [chord] BD. Join AEG, AD and GD. Then, 
since Z ABG is bisected by chord BED, 

GD = AD 

H44 and GE >EA. 64 

63 This is true: the problem of finding Crd o from given Crd 3a can be reduced to a cubic equation 
of the kind which cannot (except for a few particular values of a) be solved by Euclidean geometry 
(using straight line and circle). See Toomer[3] 138. 

64 Derivable from Euclid VI3, which states that the bisector of the angle at the apex of a triangle 
divides the base in the ratio of the two sides enclosing the angle. Here, since BG > BA, GE > EA. 
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So drop perpendicular DZ from D on to AEG. 

Then, since AD > ED and ED > DZ, a circle drawn on centre D with radius 
DE will cut AD and pass beyond DZ. Let it be drawn as HE0, and let DZ be 
produced to 0. Now, since sector DE0 is greater than triangle DEZ, and 
triangle DEA is greater than sector DEH, 
triangle DEZ: triangle DEA < sector DE0: sector DEH. 

But triangle DEZ: triangle DEA = EZ:EA, 65 

and sector DE0: sector DEH = Z ZDE:Z EDA. 

ZE:EA <Z ZDE:Z EDA. 

So, componendo, 

ZA:EA<Z ZDA:Z ADE. 

And, doubling the first members [of the ratios], 

GA:AE<Z GDA:Z EDA. 

Then, dividendo , 

GE:EA<Z GDE:Z EDA. 

But GE:EA = GBrBA, 66 
and Z GDB:Z BDA = arc GB:arc BA. 

• *GB:BA<arc GB:arc BA. 

Having established this, let us draw [Fig. 1.7] circle ABG, and in it two 
chords, AB and AG. Let us suppose, first, that AB is the chord ofi° and AG the 
chord of 1°. Then, since 



AG:BA< arc AG:arc AB 
4 arc AB 


and arc AG 


GA < 


4AB 


65 Euclid VI 1. 

66 Euclid VI 3. 


H45 
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110. Structure of Chord table 


H46 


H47 


But, in units of which the diameter contains 120, we showed that 

AB = 0;47,8 P . 

/. GA< l;2,50 p (for 1;2,50 ~ f.0;47,8). 

Again, using the same figure, let us set AB as the chord of 1° and AG as the 
chord of l£°. By the same argument, since 


arc AG = 


3 arc AB 
2 


But, in units of which the diameter contains 120, we showed that 

AG = l;34,15 p . 

••• AB '>l;2,50 p (for 1;34,15 = ll;2,50). 
Therefore, since the chord of 1° was shown to be both greater and less than the 
same amount, we can establish it as approximately l;2,50 p where the diameter 
is 120^ By the preceding propositions we can also establish the chord of |°, 
which we find to be approximately 0;31,25 p . The remaining intervals can [now] 
be completed, as we said [p. 54]. For example, in the first [1 j°] interv al, we can 
calculate the chord of 2° by using the addition formula for the chord of!° applied 
to the chord of lj°, while the chord of2i° is given by using the difference formula 
for [the chord of 1°] applied to the chord of 3°. Similarly for the remaining 
chords. 

Such, then, I think, is the easiest way to undertake the calculation of the 
chords. But, as I said, in order that we may have the actual amounts of the 
chords readily available for every occasion, we shall set out tables [for that 
purpose] below. They will be arranged in sections of 45 lines 67 to achieve a 
symmetrical appearance. The first column [in each section] will contain the 
arcs tabulated at intervals of j°, the second the corresponding chords in units of 
which the diameter contains 120, and the third the thirtieth part of the 
increment in the chord for each interval. [This last] is so that we may have the 
average increment corresponding to one minute [of arc], which will not be 
sensibly dilferent from the true increment [for each minute]. Thus we can easily 
calculate the amount of the chord corresponding to fractions which fall between 
the [tabulated] half-degree intervals. 

It is easy to see that, if we suspect some scribal corruption in one of the values 
for the chord in the table, the same theorems which we have already set out will 
enable us to test and correct it easily, either by taking the chord of double the 
arc [of that] of the chord in question, or from the difference with some other 
given chord, or from the chord of the supplement. 

The layout of the table is as follows. 


H48—63 11. {Table of Chords}™ 

[See pp. 57-60.] 

67 45 lines is the standard height of tables throughout the Almagest. It is presumably chosen to 
conform to some standard height of papyrus roll (on papyrus standards see Lewis, Papyrus in Classical 
Antiquity , 36-9, 56, on Pliny XH 13, 78). Various consequences How from it, notably the 18-year 
interval in mean motion tables (see III 1 p. 140 with n. 28). 
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TABLE OF CHORDS 


Arcs 

Chords 

Sixtieths 

Arcs 

Chords 

Sixtieths 

i 

0 31 25 

1 2 50 

23 

23 55 27 

1 1 33 

1 

1 2 50 

1 2 50 

23 i 

24 26 13 

1 1 30 

1 } 

1 34 15 

l 2 50 

24 

24 56 58 

1 , 1 26 

2 

2 5 40 

1 2 50 

24! 

25 27 41 

1 1 22 

2} 

2 37 4 

1 2 48 

25 

25 58 22 

I 1 19 

3 

3 8 28 

1 2 48 

25} 

26 29 1 

1 1 15 

3* 

3 39 52 

1 2 48 

26 

26 59 38 

1 1 11 

4 

4 11 16 

1 2 47 

26; 

27 30 14 

1 1 8 

4; 

4 42 40 

1 2 47 

27 

28 0 48 

1 1 4 

5 

5 14 4 

1 2 46 

27 

28 31 20 

1 1 0 

5; 

5 45 27 

1 2 45 

28 

29 1 50 

1 0 56 

6 

6 16 49 

1 2 44 

28: 

29 32 18 

1 0 52 

hi 

6 48 11 

1 2 43 

29 

30 2 44 

1 0 48 

7 

7 19 33 

I 2 42 

29: 

30 33 8 

1 0 44 

-1 
/! 

7 50 54 

1 2 41 

30 

31 3 30 

1 0 40 

8 

8 22 15 

1 2 40 

30! 

31 33 50 

1 0 35 

8} 

8 53 35 

1 2 39 

31 

32 4 8 

1 0 31 

9 

9 24 54 

I 2 38 

31} 

32 34 22 

1 0 27 

9 } 

9 56 13 

1 2 37 

32 

33 4 35 

1 0 22 

10 

10 27 32 

1 2 35 

32: 

33 34 46 

1 0 17 

io } 

10 58 49 

1 2 33 

33 

34 4 55 

1 0 12 

n 

11 30' 5 

1 2 32 

33: 

34 35 1 * 

1 0 8 

11: 

12 1 21 

1 2 30 

34 

35 5 5 

I 0 3 

12 

12 32 36 

1 2 28 

34; 

35 35 6 

0 59 57 

12i 

13 3 50 

1 2 27 

35 

36 5 5 

0 59 52 

13 

13 35 4 

1 2 25 

35; 

36 35 1 

0 59 48 

13 J 

_ | 

14 6 16 

1 2 23 

36 

37 4 55 

0 59 43 

14 

14 37 27 

1 2 21 

36: 

37 34 47 

0 59 38 

144 

15 8 38 

1 2 19 

37 

38 4 36 

0 59 32 

15 

15 39 47 

1 2 17 

37} 

38 34 22 

0 59 27 

15; 

16 10 56 

1 2 15 

38 

39 4 5 

0 59 22 

16 

16 42 3 

1 2 13 

38} 

39 33 46 

0 59 16 

16; 

17 13 9 

1 2 10 

39 

40 3 25 

0 59 11 

17 

17 44 14 

1 2 7 

39; 

40 33 0 

0 59 5 

17; 

18 15 17 

1 2 5 

40 

41 2 33 

0 59 0 

18 

18 46 19 

1 2 2 

40} 

41 32 3 

0 58 54 

18} 

19 17 21 

1 2 0 

41 

42 1 30 

0 58 48 

19 

19 48 21 

1 1 57 

41} 

42 30 54 

0 58 42 ’ 

194 

20 19 19 

1 1 54 

42 

43 0 15 . 

0 58 36 

20 

20 50 16 

1 1 51 

42; 

43 29 33 

0 58 31 

201 

21 21 11 

1 1 48 

43 

43 58 49 

0 58 25 

21 

21 52 6 

1 1 45 

43} 

44 28 1 

0 58 18 

214 

22 22 58 

1 1 42 

44 

44 57 10 

0 58 12 

22 

22 53 49 

1 1 39 

44} 

45 26 16 

0 58 6 

22i 

23 24 39 

| 1 1 36 

45 

45 55 19 

0 58 0 


“ Ptolemy’s chord table has been recomputed, using a computer program which reproduces, as 
far as possible, Ptolemy’s own methods of calculation, by Glowatzki and Gottschc. Although much 
of their book is superfluous (see my review, Toomeil4]) t it contains some interesting results, notably 
that Ptolemy must have carried out his calculations to five sexagesimal places to achieve the 
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111. Chord table 



accuracy he does in the third place. The book also enables one to make a number of corrections of 
scribal errors in the table. Before seeing it I had already made those given below. None of the other 
corrections (all of 1 in the last place) suggested by the authors seem likely to me, although some are 
possible. 

Corrections to Heiberg’s text: 

Crd 9°, seconds, vS (with D, Ar) for va (51) at H48,20 (corrected by Hultsch, Sehnentafeln 52) 











































Ill. Chord table 


59 


Arcs 

Chords 

Sixtieths 

Arcs 

Chords 

Sixtieths 


85 

13 

20 

0 

44 

8 

113 


3 

59 


34 

91 

85 

35 

24 

0 

43 

57 

113* 


21 

16 


34 20 

913 

85 

57 

23 

0 

43 

45 

114 


26 


34 

6 

92 

86 

19 

15 

0 

43 

33 

114* 

100 

55 

28 

0 

33 

52 

92* 

86 

41 

2 

0 

43 

21 

115 

101 

12 

25 

0 

33 

39 

93 

87 

2 

42 

0 

43 

9 

115* 

101 

29 

15 

0 

33 

25 

93* 

87 

24 

17 

0 

42 

57 

116 

101 

45 

57 

0 

33 

11 

94 

87 

45 

45 

0 

42 

45 

116* 

102 

2 

33 

0 

32 

57 

94^ 

88 

7 

7 

0 

42 

33 

117 

102 

19 

i 

0 

32 

43 

95 

88 

28 

24 

0 

42 

21 

117? 

102 

35 

22 

0 

32 29 1 

95l 

88 

49 

34 

0 

42 

9 

118 

102 

51 

37 

0 

32 

15 

96 

89 

10 

39 

0 

41 

57 

118* 

103 

7 

44 

0 

32 

0 

96? 

89 

31 

37 

0 

41 

45 

119 

103 

23 

44 

0 

31 

46 

97 

89 

52 

29 

0 

41 

33 

119* 

103 

39 

37 

0 

31 

32 

97; 

90 

13 

15 

0 

41 

21 

120 

103 

55 

23 

0 

31 

18 

98 

90 

33 

55 

0 

41 

8 

■ M 

104 

11 

2 

0 

31 

4 

98? 

90 

54 

29 

0 

40 

55 

■ill 

104 

26 

34 

0 

30 

49 

99 

91 

14 

56 

0 

40 

42 

■ 39 

104 

41 

59 

0 

30 

35 

99? 

91 

35 

17 

0 

40 

30 

122 

104 

57 

16 

0 

30 

21 

100 

91 

55 

32 

0 

40 

17 

122^ 

105 

12 

26 

0 

30 

7 

100? 

92 

15 

40 

0 

40 

4 

123 

105 

27 

30 

0 

29 

52 

101 

92 

35 

42 

0 

39 

52 

123* 

105 

42 

26 

0 

29 

37 

101? 

92 

55 

38 

0 

39 

39 

124 

105 

57 

14 

0 

29 

23 

102 

93 

15 

27 

0 

39 

26 

124? 

106 

11 

55 

j 

0 

29 

8 

102.4 

93 

35 

11 

0 

39 

13 

125 

106 

26 

29 

0 

28 

54 

103 

93 

54 

47 

0 

39 

0 

125? 

106 

40 

56 

0 

28 

39 

103? 

94 

14 

17 

0 

38 

47 

126 

106 

55 

15 

0 

28 

24 

104 

94 

33 

41 

0 

38 

34 

126? 

107 

9 

27 

! o 

28 

10 

104? 

94 

52 

58 

0 

38 

21 

127 

107 

23 

32 

0 

27 

56 

105 

95 

12 

9 

o 

38 

8 

127? 

107 

37 

30 

0 

I 

27 

40 

105? 

95 

31 

13 

i 0 

37 

55 

128 

107 

51 

20 

8 

27 

25 

106 

95 

50 

11 

0 

37 

42 

128* 

108 

5 

2 

0 

27 

10 

106? 

96 

9 

2 

0 

37 

29 

129 

108 

18 

37 

0 

26 

56 

107 

96 

27 

47 

! 0 

37 

16 

129* 

108 

32 

5 

i 8 

26 

41 

107? 

96 

46 

24 

0 

37 

3 

130 

108 

45 

25 

0 

26 

26 

108 

97 

4 

55 

0 

36 

50 

130? 

108 

58 

38 

0 

26, 

11 

108? 

97 

23 

20 

0 

36 

36 

131 

109 

11 

44 

1 

0 

15 

56 

109 

97 

41 

38 

0 

36 

23 

131* 

109 

24 

42 

1 0 

25 

41 

109? 

97 

59 

49 

0 

36 

9 

132 

109 37 

32 

0 

25 

26 

DEM 

98 

17 

54 

0 

35 

56 

132? 

109 

50 

15 

0 

25 

11 * 

ntm 

98 

35 

52 

0 

35 

42 

133 

HO 

2 

50 

0 

24 

56 

!■ 

98 

53 

43 

0 

35 

29 

133* 

110 

15 

18 

0 

24 

41 

1114 

99 

11 

27 

0 

Id 

15 

134 i 

110 

27 

39 

0 

24 

26 

112 

99 

29 

5 

0 

35 

1 

134? 

110 

39 52 

0 

24 

10 

112* 

99 

46 

35 

0 

34 

48 

135 

110 

51 

57 

0 

23 

55 


Grd 72°, seconds, y (with all mss. except D) tor 5 (4) at H54,10 (cf. H35,l and p. 81 n. 19; corrected 
by Manitius) 

Crd 88^°, minutes, pS (with Ar) lor pa (41) at H55,43. ^ 

Crd 97°, seconds, K0 (with D, Ar) fbr k£ (27) at H56.15 

Grd 108°, seconds, ve (with D, Ar) for v<; (56) at H57,37 

Crd 118*°, seconds, p8 (with Ar) for pa (41) at H58,13 

Crd 143°, seconds, v<; (with D, Ar) for k<; (26) at H60,17. 
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Ill. Chord table 


Arcs 

Chords 

Sixtieths 

Arcs 

Chords 

Sixtieths 

135^ 

111 

3 

54 

0 

23 

40 

158 

117 

47 

43 

0 

11 

51 

136 

111 

15 

44 

0 

23 

25 

2584 

117 

53 

39 

0 

11 

35 

136i 

Ill 

27 

26 

0 

23 

9 

159 

117 

59 

27 

0 

11 

19 

137 

111 

*39 

1 

0 

22 54 

15 9 \ 

118 

5 

7 

0 

il 

3 

137 i 

111 

50 

28 

0 

22 39 

160 

118 

10 

37 

0 

10 

47 

138 

112 

1 

47 

0 

22 

24 

1601 

118 

16 

1 

0 

10 

31 

138< 

112 

12 

59 

0 

22 

8 

161 

118 

21 

16 

0 

10 

14 

139 

112 

24 

3 

0 

21 

53 

161: 

118 

26 

23 

0 

9 

58 

139; 

112 

35 

0 

0 

21 

37 

162 

118 

31 

22 

0 

9 

42 

140 

112 

45 

48 

0 

21 

22 

162: 

118 

36 

13 

0 

9 

25 

140^ 

112 

56 

29 

0 

21 

7 

163 

118 

40 

55 

0 

9 

9 

141 

113 

7 

0 

0 

20 

51 

163: 

118 

45 

30 

0 

8 

53 

141 j 

113 

17 

25 

0 

20 

36 

164 

118 

49 

56 

0 

8 

37 

142 

113 

27 

44 

0 

20 

20 

164: 

118 

54 

15 

0 

8 

20 

142: 

113 

37 

54 

0 

20 
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112. Determination of obliquity of ecliptic 
12. {On the arc between the solstices } 69 

Now that we have tabulated the chords, our first task, as we said, is to determine 
the inclination of the ecliptic to the equator, that is, the ratio of the great circle 
through the poles of both to the arc intercepted between the poles. It is obvious 
that this is equal to the distance from the equator to either of the solsticial 
points. This quantity can be determined directly by an instrumental method, 
using the following simple apparatus. 70 [See Fig. C.] 



We make a bronze ring of a suitable size, turned on the lathe so that its surface 
is accurately squared off[i.e. has a rectangular cross-section]. We use this as a 
meridian circle, by dividing it into the normal 360° of a great circle, and 
subdividing each degree into as many parts as [the size of the instrument] 
allows. Then we take another smaller ring, and fit it inside the first in such a 

69 On Ptolemy's determination of the obliquity of the eciiptic see Britton[2J. 

70 On the instruments described by Ptolemy here see Price, Precision Instruments , 587-9. There is a 
very detailed ancient description of the construction and use of the ring instrument by Proclus, 
Hypotyposis III 5-27 (ed. Manitius pp. 42-52). 


H64 
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112. Construction of meridian ring and plaque 

manner that the lateral faces of both are in the same plane, while the smaller 
ring can rotate freely inside the larger, with a north-south motion, [always] in 
the same plane. At two diametrically opposite points on one lateral face of the 
H65 smaller ring we fix [two] little plates, of equal size, pointing towards each other 
and the centre of the rings, and exactly in the middle of the width of each 
plate we fix small pointers, which graze the surface of the larger, graduated 
ring. To serve all the necessary purposes we fix this ring firmly on a pillar of 
appropriate size, and set it up in the open air, so that the base of the pillar is 
on a foundation which is not inclined to the plane of the horizon. We take 
care that the [lateral] plane of the rings is perpendicular to the plane of the 
horizon and parallel to the plane of the meridian. The first of these [desiderata] 
is achieved by suspending a plumb-line from a point [on the outer ring] chosen 
as zeniths and adjusting supporting elements' 1 until the plumb-line points 
towards the point diametrically opposite [the zenith-point]. The second is 
achieved by marking a meridian line' 2 clearly in the plane below the pillar and 
moving the rings laterally until one can sight their [lateral] plane as parallel to 
that line. Having set the instrument up in that way, we observed the sun’s 
movement towards the north and south by turning the inner ring at noon until 
H66 the lower plate was completely enshadowed by the upper one. When this was 
the case, the tips of the pointers indicated to us the distance of the sun from the 
zenith in degrees,' 3 measured along the meridian. 

We found an even handier way of making this kind of observ ation by 
constructing, instead of the rings, a plaque [see Fig. D] of stone or wood, square 



71 Reading UffoOe^aricav (with D) forvxoQsiudTOiv at H65.13. Cl. H67,7. Both readings arc found 
in mss. of Proclus, Hypotyposis p. 50,10. 

72 Ptolemy assumes that one can draw a meridian line, without explaining how. Diodorus of 
Alexandria (first century B.C.) in his (lost) treatise Analemma , gave an ingenious method lor 
determining the meridian line from any three gnomon shadows (see HAMA II 841-2). 

'^Tpripata, literally ‘divisions’, and it could be so interpreted here (’divisions of the graduated 
arc.’), cf. p. 61. But there are many places in the Almagest where it means simply ‘degrees’. 
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112. Size of arc between the solstices 

and rigid, with one of its faces smooth and accurately squared off. On this we 
drew a quadrant, using as centre a point near one of the corners, and drew from 
the centre to the inscribed arc the lines enclosing the right angle forming the 
quadrant. We divided the arc, as we had [the other instrument], into 90 degrees 
and subdivisions of those degrees. Next, on that line which was chosen to be 
perpendicular to the plane of the horizon and towards the south, we fixed two 
small cylindrical pegs, with their sides at right angles to their bases and exactly 
circular, machined to be of equal size: one of them we fixed on the centre-point 
itself, positioning the mid-point of the peg precisely on it, the other at the lower 
end of the line. Then we set this inscribed face of the plaque up along the H67 
meridian line which we had drawn on the foundation-plane, so as to be parallel 
to the plane of the meridian, and, using a plumb-line suspended between the 
pegs, set up the line between them precisely at right angles to the plane of the 
horizon, again correcting any deficiency by adjusting thin supporting elements 
underneath. In the same way as before, we observed the shadow cast at midday 
by the peg at the centre. In order to determine its position more accurately, we 
placed some object on the inscribed arc [where the shadow crossed it]. Marking 
the mid-point of the shadow, we took that division of the quadrant as indicating 
the position of the sun on the meridian in the north-south direction. 74 

From observations of this kind, and especially from comparing observations 
near the actual solstices, which revealed that, over a number of returns [of the 
sun], the distance from the zenith was in general the same number of degrees of 
the meridian circle at the [same] solstice, whether summer or winter, we found 
that the arc between the northernmost and southernmost points, which is the arc 
between the solstitial points, is always greater than 475° and less than 47i°. H68 

From this we derive very much the same ratio as Eratosthenes, which 
Hipparchus also used. For [according to this] the arc between the solstices is 
approximately 11 parts where the meridian is 83.° 

From the preceding kind of observation it is easy to derive immediately the 
latitude of the region in which the observation is made, wherever it is: one takes 
the point halfway between the two extrema; this point lies on the equator; then - 
one takes the distance between this point and the zenith, which is the same, 
obviously, as the distance of the poles from the horizon. 


7 “*Korea TrXrixcx;, literally ‘in latitude'. Ptolemy, following common Greek usage, uses nkaxoq^ for 
any ‘vertical’ direction, including that normal to the equator, as here. See Introduction p. 21. 

<5 I] of 360° 47;42,39,2° = 2e, hencee ** 23;51,20°, which is what Ptolemy actually adopts (his 2e 
lies between 47;40° and 47;45°, but is not the mean). 

The text could equally well mean, not that Eratosthenes and Hipparchus used the ratio 11:83, 
but that the ratio 11:83 is Ptolemy’s value, which is close to the actual ratio used by them [namely 
2:15, i.e. e = 24°]. That interpretation has the advantage of agreeing with the only value otherwise 
attested for Eratosthenes (in his Geography , see Berger Frg, IIB 23, Strabo 2.5.7) and Hipparchus (in 
his Geography and in his Commentary on Aratus, ed. Manitius p. 96,20; cf. HAMA 303, 335). It was 
proposed by Berger, Eratosthenes 131, followed by Heath, Aristarchus 131 n. 4.1 prefer the traditional 
interpretation, since I find it inconceivable that Ptolemy would not mention what the ratio was to 
which his own was close, and also because of his expression at I 14 (p. 70). Eratosthenes’ peculiar 
ratio is due not to a perverse division of the circle into 83rds, as Theon supposes (Rome II529), but 
to a pre-trigonometrical derivation from gnomon measurements, as I shall show elsewhere. 
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I 13. Lemmas for spherical trigonometry 

13. {Preliminaries for spherical proofs} 1 * 

Our next task is to demonstrate the sizes of the individual arcs cut offbetween the 
equator and the ecliptic along a great circle through the poles of the equator. As 
a preliminary we shall set out some short and useful theorems which will enable 
us to carry out most demonstrations involving spherical theorems in the 
simplest and most methodical way possible. 

H69 [See Fig. 1.8.] Let two straight lines, BE and GD, which are drawn to meet 
two straight lines. AB and AG, cut each other at point Z. 


fl 



I sav that 

GA:AE = (GD:DZ).(ZB:BE). 77 
[Proof:] Let EH be drawn through E parallel to GD. 

Then, since GD and EH are parallel, 

GA:AE = GD:EH. 

If we bring ZD in [as auxiliary], 

GD.EH = (GD:DZ).(DZ:HE). 

GA:AE = (GD:DZ). (DZ: HE). 

But DZ:HE = ZB:BE (EH parallel to ZD). 
••• GA:AE = (GD:DZ).(ZB:BE). 

In the same way, dividendo, we shall prove that 
GE:EA = (GZ:DZ). (DB: BA). 


[13.1] 

Q.E.D. 


76 On the sphericai trigonometry in this chapter see HAMA 26-30, Pedersen 72-8. 

77 Literally (here and in general) this kind of ratio is expressed as ‘the ratio of GA to AE is 
combined from (oi)vf|7CTai etc, auytceTTat £k) the ratio of GD to DZ and the ratio of ZB to BE’. 
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[See Fig. 1.9.] Draw a line through A parallel to EB and produce GD to cut it at 
H. Again, since AH is parallel to EZ, H70 

GE:EA = GZ:ZH. 

But, if we bring in ZD [as auxiliary], 

GZ:ZH = (GZ:ZD).(DZ:ZH). 


fl 



But DZ.ZH = DB.BA (BA and ZH drawn to meet the parallel lines AH and 
ZB). 

GZ:ZH = (GZ:DZ).(DB:BA). 

But GZ:ZH = GE:EA. 

GE:EA = (GZ:DZ).(DB:BA). .[13.2] 

Q..E.D. 

Again [Fig, 1.10] on circle ABG, with centre D, take any three points A,B,G, 
on the circumference, provided that each of the arcs AB and BG is less than a 
semi-circle (let the same condition be understood to apply to all subsequent arcs 
we take). Draw AG and DEB. 

I say that H71 

Grd arc 2AB:Crd arc 2BG = AE:EG. 

[Proof:] Drop perpendiculars AZ and GH from points A and G on to DB. Then, 
since AZ is parallel to GH, and they meet line AEG, 

AZ:GH = AE:EG. 

But AZ:GH = Crd arc 2AB : Crd arc 2BG 
(for AZ = { Crd arc 2AB and GH = \ Crd arc 2BG). 

••• AE:EG = Crd arc 2AB:Crd arc 2BG. [13.3] 

Q.E.D. 
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113. Lemmas for spherical trigonometry 

B 



It immediately follows that if we are given the whole of arc AG and the ratio 
(Crd arc 2AB:Crd arc 2BG), both arc AB and arc BG will be given. 

For, repeating the same figure [see Fig. 1.11 ], join AD, and drop perpendicu¬ 
lar DZ from D on to AEG. 

H72 It is obvious that, if arc AG be given, Z ADZ, which subtends hall arc AG, will 
be given, and hence the whole triangle ADZ. ' 8 Now, since the whole chord AG is 

B 



78 For one already knows Z AZD, a right angle, and AD, a radius. 
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113. Lemmas for spherical trigonometry 

given, and (AE:EG) is given (for it equals (Crd arc2AB:Crd arc 2BG)), AE will 
be given, 79 and so will ZE, by subtraction [of AZ from AE]. Hence, since DZ too 
is given, in the right-angled triangle EDZ, L EDZ will be given, and hence the 
whole angle ADB. Hence arc AB will be given and (by subtraction) arc BG. 

Q.E.D. 

Again [see Fig. 1.12] on circle ABG with centre D take three points on the 
circumference, A,B,G. 80 Join DA and GB and produce them to meet at E. 



Fig. 1.12 


I say that H73 

Crd arc 2GA:Crd arc 2AB = GE:BE. 

By a similar argument to the previous theorem, if we drop perpendiculars 
BZ and GH from B and G on to DA, since they are parallel, 

GH:BZ = GE:EB. 

Crd arc 2GA:Crd arc 2AB = GE:EB. [13.4] 

Q.E.D. 

In this case too it follows immediately that if we are given just the arc GB and 
the ratio (Crd arc 2GA:Crd arc 2AB), arc AB will also be given. 

For, if we repeat the same figure [see Fig. 1.13], and join DB and drop DZ 
perpendicular to BG, then ZBDZ, which subtends half arc BG, will be given. H74 
Hence the whole of the right-angled triangle 81 BDZ will be given. Now, since 
the ratio (GE:EB) and line GB are given, EB will be given, and hence, by 
addition, line EBZ. So, since DZ is given, in the right-angled triangle EDZ, 


79 Euclid Data 7 (if a given magnitude is divided in a given ratio, each part is given). 
w “Omitting (with D, Is), at H72, 13-15, (Sore etcaitpav tSv AB, Ar rrepupepeidV iXdaoova 
elvai ripucuKViou. icai km tGv 5e Xaiiftavopevtov rcepupepeuov to opoiov OjidKOueatkoT 
which is an otiose repetition of H70, 21-5. 

81 Here (H74,3) and elsewhere (e.g. H74,7) D has the fuller form dpGoycflvtov rpiytovov for 
Heiberg’s 6p0oy<6viov. This may be right, but I have not recorded it as a correction, following the 
principle enunciated Introduction p. 4. 
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113. Menelaus’ Theorem 



Z EDZ is given, and, by subtraction [of the given/ BDZ]Z EDB is given. Hence 
arc AB will be given. 

Having established these preliminary theorems, let us draw [Fig. 1.14] 82 the 
following arcs of great circles on a sphere: BE and GD are drawn to meet AB 
and AG, and cut each other at Z. Let each of them be less than a semi-circle 
(and let the same condition be understood to apply to all the figures). 

I say that 

Crd arc 2GE:Crd arc 2EA = 

(Crd arc 2GZ:Crd arc 2ZD). (Crd arc 2DB:Crd arc 2BA). 

[Proof:] Let us take the centre of the sphere, H, and draw from it to the inter¬ 
sections of the circles, B, Z, E, lines HB, HZ, HE. Join AD and produce it to 
H75 meet HB, also produced, at ©. Similarly, join DG and AG, and let them cut HZ 
and HE at points 83 K and L. 


fl 



82 For an adaptation of this figure useful in visualizing the various planes involved see HAMA Fig. 
17 p. 1213. 

83 Reading td . . . orr}p£Ta (with D) at H75,2 for t6 . . . trnpeiov. Corrected by Manitius. 
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Then 0, K and L lie on a straight line, since they all lie simultaneously in 
two planes, the plane of triangle AGD, and the plane of circle BZE. 

Draw this line [0KL]. The result will be that there are two straight lines, 

0L and GD, drawn to meet two straight lines, 0A and GA, and intersecting 
each other at K. 

GL.LA = (GK:KD).(D0:0A). [from 13.2] 

But GL:LA = Crd arc 2GE:Crd arc 2EA [from 13.3] 
and GK:KD = Crd arc 2GZ:Crd arc 2ZD [from 13.3] 
and D0:0A = Crd arc 2DB:Crd arc 2BA. [from 13.4] 

Crd arc 2GE:Crd arc 2EA = 

(Crd arc 2GZ:Crd arc 2ZD).(Crd arc 2DB:Crd arc 2BA). [13.5] H76 

In the same way, corresponding to the straight lines in the plane figure [Fig. 

1.8], it can be shown that 
Crd arc 2GA:Crd arc 2EA = 

(Crd arc 2GD:Crd arc 2DZ).(Crd arc 2ZB:Crd arc 2BE). 84 [13.6] 

QE.D. 


14. {On the arcs between the equator and the ecliptic} 65 

Having set out this preliminary theorem, we shall first of all demonstrate the 
amounts of the arcs we set ourselves to determine, 86 as follows. 

[See Fig. 1.15.] Let the circle through both poles, that of the equator and that 
of the ecliptic, be ABGD; let the semi-circle representing the equator be AEG, 
and that representing the ecliptic BED, and let point E be the intersection of the 
two at the spring equinox, so that B is the winter solstice and D the summer 
solstice. On arc ABG take the pole of the equator AEG: let it be point Z. Cut olf H77 
arc EH on the ecliptic: let us suppose it to be 30°, and draw through Z and H an 
arc of a great circle ZH0. Our problem, obviously, is to determine H0. Let us 
take for granted both here and in general for all such demonstrations (to avoid - 
repeating ourselves on each occasion), that when we speak of the sizes of arcs or 
chords in terms of‘degrees’ or ‘parts’ we mean (for arcs) those degrees of which 
the circumference of a great circle contains 360, and (for chords) those parts of 
which the diameter of the circle contains 120. 

Now since, in the figure, the two great circle arcs Z0 and EB are drawn to 
meet the two great circle arcs AZ and AE, and intersect each other at H, 

Crd arc 2ZA:Crd arc 2AB = 

(Crd arc 20Z:Crd arc 20 H). (Crd arc 2HE:Crd arc 2EB). [M.T.I] 

84 The theorem connecting six great circle arcs on the surface of the sphere in a Menelaus 
Configuration (see Introduction p. 18), of which the enunciations 13.5 and 13.6 are examples, is 
due to Menelaus, whom Ptolemy mentions in the Almagest only as an observer (see index s.v.). It 
appears (in both forms) as Prop. Ill 1 of his Sphaerica (ed. Krause pp. 194-7). These two forms have 
been labelled by Neugebauer {HAMA 28) as Theorem I (= 13.6), where four inner parts of the 
Menelaus Configuration are related to two outer parts, and Theorem II (= 13.5), where four outer 
parts are related to two inner parts. We shall use this terminology in what follows (M.T. I and M.T. 

II for brevity). 

85 See HAMA 30-1, Pedersen 95-6. 

“Reference back to I 13 p. 64. 
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G 

Fig. 1.15 

But arc 2ZA = 180°, so Crd arc 2ZA = 120”, 
and arc 2AB = 47;42,40° (according to the ratio 11:83, with 
which we agreed [p. 63]). 
so Crd arc 2AB = 48;31,55 p . 

H78 Again, arc 2HE = 60°, so Crd arc 2HE = 60 p , 

and arc 2EB = 180°, so Crd arc 2EB = 120". 

.*• Crd arc 2Z0:Crd arc 20H = (120 : 48:31,55)/(60 : 120) 

=: 120 : 24;15,57. 

And arc 2Z0 = 180°, so Crd arc 2Z0 = \2(f. 

Crd arc 20H = 24;15,57 p . 
arc 20H = 23; 19,59°. 
and arc 0H 11;40°. 

Again, let arc EH be taken as 60°. Then the other magnitudes will remain 
unchanged, but 

arc 2EH = 120°, so Crd arc 2EH = 103;55,23 p . 

Crd arc 2Z0:Crd arc 20H = (120 : 48;31,55)/(103;55,23 : 120) 

= 120 : 42; 1,48. 

But Crd arc 2Z0 = I2(f. 

Crd arc 20H = 42;l,48 p . 
arc 20H = 41;0,18°, 
and arc 0H = 20;30,9°. 

Q.E.D. 

H79 In the same way we shall compute the sizes of [the other] individual arcs, and 
set out a table giving for each degree of the quadrant the arc corresponding to 
those computed above. The table is as follows. 



116. Calculation of right ascensions 71 


15. {Table of Inclination}* 1 
[See p. 72.] 


H80—8 


16. {On rising-times at sphaera recta} 88 H82 


Our next task is to show how to compute the size of an arc of the equator 
determined by a circle drawn through the poles of the equator and a given point 
on the ecliptic. In this way we can find how long, in equinoctial time-degrees, it 
takes a given section of the ecliptic to cross the meridian at any point on earth 
and the horizon at sphaera recta (for only in that situation does the horizon pass 
through the poles of the equator). 

Repeat the previous figure [see Fig. 1.16}. Let the ecliptic arc EH again be 
given, first as 30°. We have to find arc E0 of the equator. 



By the same argument as the preceding, 

Crd arc 2ZB:Crd arc 2BA = 

(Crd arc 2ZH:Crd arc 2H0). (Crd arc 20E:Crd arc 2EA). [M.T.II] 
But arc 2ZB = 132; 17,20°, 
so Crd arc 2ZB = 109;44,53 p . 

87 Corrections to Heiberg in Table I 15: 

45°, seconds, a (with D, Ar) for k (20) at H81,50 (computed: 2) 

69°, seconds, a (with D, Ar) for ta (II) at H81,29 (computed: 10,59 for 11,1). 

Possible emendations are: 

27°, seconds (47) for (57) (computed: 48). No ms. authority. 

51°, seconds e (5) for te (15) (computed: 7). No ms. authority. 

59°, seconds a (1) lor 5 (4) (computed: 0). Only variant is ‘0’ in L. 

88 See HAMA 31-2, Pedersen 97-9. 



/ 15. Declination table 


TABLE OF INCLINATION 


0 24 16 
0 48 31 
1 12 46 


2 49 30 

3 13 35 
3 37 37 


4 1 38 
4 25 32 
4 49 24 


5 13 11 

5 36 53 

6 0 31 


6 24 1 

6 47 26 

7 10 45 


7 33 57 

7 57 3 

8 20 0 


16 54 47 

17 12 16 
17 29 27 


12 1 20 
12 22 30 
12 43 28 


13 4 14 
13 24 47 
13 45 6 


14 5 11 
14 25 2 
14 44 39 


15 

4 

4 

15 

23 

10 

15 

42 

2 


16 0 38 
16 18 58 
16 37 1 


49 

17 

46 

20 

50 

18 

2 

53 

51 

18 

19 

15 

52 

18 

35 

5 

53 

18 

50 

41 

54 

19 

5 

57 

55 

19 

20 

56 

56 

19 

35 

28 

57 

19 

49 

42 

58 

20 

3 

31 

59 

20 

17 

4 

60 

20 

30 

9 

61 

20 

42 

58 

62 j 

20 

55 

24 

63 

21 

7 

21 


22 

23 

24 

8 42 50 

9 5 32 

9 28 5 

25 

9 50 29 

26 

10 12 46 

27 

10 34 57 

28 

10 56 44 

29 

11 18 25 

30 

! 11 39 59 


21 51 

99 I 95 

22 11 1 


70 

71 

72 

22 20 11 

22 28 57 

22 37 17 

73 

22 4511 

74 

22 52 39 

75 

22 59 41 

76 

23 6 17 

77 

23 12 27 

78 

23 18 11 

^ 79 


23 23 28 



23 28 16 

81 


23 32 30 

82 

23 36 35 

83 

23 40 2 

84 

23 43 2 

85 

23 45 34 

86 

23 47 39 

87 

23 49 16 

88 

23 50 25 

89 

23 51 6 

90 

23 51 20 
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I 16. Calculation of right ascensions 

And arc 2BA = 47;42,40°, 
so Crd arc 2BA = 48;31,55 p . H83 

Again, arc 2ZH = 156;40,1° [180° - arc 20H, p. 70} 

so Crd arc 2ZH = 117;31,15 p , 

and arc 2H0 = 23; 19,59°, 
so Crd arc 2H0 = 24;15,57 p . 

Crd arc 0E:Crd arc 2EA = (109;44,53 : 48;31,55)/(117;31,15 : 24;15,57) 

= 54;52,26 : 117;31,15 = 56; 1,53 : 120. 

But arc 2EA = 180°, so Crd arc 2EA = 120 p . 

» Crd arc 20E = 56;l,53 p . 89 

So arc 20E 5535 55;40° and arc 0E 27;50°. 

Again, let arc EH be taken as 60°. Then the other magnitudes will remain 
unchanged, but 

arc 2ZH = 138:59,42°, [180° - arc 20H, p. 70] 

so Crd arc 2ZH = 112;23,56 p . 

And arc 20H = 41;0,18°. 
so Crd arc 20H = 42;l,48 p . 

•*. Crd arc 20E:Crd arc 2EA = (109;44,53 : 48;31,55)/(112;23,56 : 42; 1,48) 

- 95;2,40 : 112:23,56 H84 

= 101;28,20 : 120. 

But Crd arc 2EA = 120 p . 

Crd arc 20E = 101;28,20 p 
arc 20E* 115;28°. 
arc 0E ~ 57;44°. 

Thus it has been shown that the first sign of the ecliptic, counted from the 
equinox, 90 rises in the aforementioned manner [i.e. at sphaera recta\ in the same 
time as 27;50° of the equator; and that the second sign rises with 29;54° (for the 
sum of both arcs was shown to be 57;44°). It is obvious that the third sign will 
rise at sphaera recta in the same time as 32:16° (which is the complement [of 
57;44°]), since each whole quadrant of the ecliptic 91 rises in the same time as the 
corresponding quadrant of the equator as defined by circles drawn through the 
poles of the equator. 

Following the same method as demonstrated above, we calculated the arc of 
the equator which rises in the same time as each 10-degree section of the 
ecliptic. (The [true] rising times of arcs smaller than 10° are not noticeably 
different from those derived by linear interpolation [from those of 10° arcs]). We 
shall set these too out, then, in order to be able to reckon conveniently the time 
which each arc takes, as we said, to cross the meridian at any point on earth and H85 
the horizon at sphaera recta. We begin with the 10° arc starting at [either] 
equinoctial point. 


89 Here and just above (H83,13 and 10) Heiberg’s text gives 56; 1,25 (ice for vy). The correct 
reading is given by D and Is. 

90 From considerations of symmetry, it makes no difference which equinox one starts from. 

91 A ‘quadrant’ here is understood to start at equinox or solstice. 
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116. Rising-times at sphaera recta 


1st ) 

2nd > ten-degree section rises in 
3rd ) 

For 1st sign sum is 
4th \ 

5th > ten-degree section rises in 

6th j 

For 2nd sign sum is 
7th } 

8th \ ten-degree section rises in 
9th ) 


Time-degrees 



27;50°. 


f 9;40° 
< 9;58° 
[ 10;16° 


29;54° 


f 10;34° 
< 10,47° 
[l0;55°. 


For 3rd sign, ending at either solstice, sum is 32; 16°. 

The sum for the whole quadrant is 90°, as it should be. 92 

It is immediately obvious that the arrangement [of the rising-times] is the 
same for the other [three] quadrants, since the same relationships hold in each 
at sphaera recta , that is when the equator has no inclination to the horizon [i.e. is 
vertical to it]. 


92 These data are repeated in tabular form in the table of rising-times, II 8. 



Book II 


1. [On the general location of our part of the inhabited world] 

In Book I of our treatise we discussed such preliminary notions about the 
situation of the universe as had to be summarily disposed of, and such theorems 
concerning sphaera recta as might be thought useful for the investigations which 
we propose. In what follows we shall try to develop the more important 
theorems concerning sphaera obliqua too, in the most convenient way possible. 

On that topic, then, we must first make the following general introductory 
remark. If one considers the earth to be divided into four quarters by the H88 
equator and a circle drawn through the poles of the equator, our part of the 
inhabited world 1 is approximately bounded by one of the two- northern 
quarters. The main proof of this in the case of latitude (that is in the north-south 
direction) is that the noon shadows of gnomons at equinox always point towards 
the north and never towards the south. In the case of longitude (that is in the 
east-west direction) the main proof is that observations of the same eclipse 
(especially a lunar eclipse) by those at the extreme western and extreme eastern 
regions of our part of the inhabited world (w hich occur at the same [absolute] 
time), never differ 2 by more than twelve equinoctial hours [in local time]; 3 and 
the quarter [of the earth] contains a twelve-hour interval in longitude, since it is 
bounded by one of the two halves of the equator. 

The individual points [concerning sphaera obliqua] which might be considered 
most appropriate to study for the subject we have undertaken are the more " 
important phenomena w hich are particular to each of the northern parallels to 
the equator and to the region of the earth directly beneath each. These are 
[1] the distance of the poles of the first motion [i.e. the equator] from the H89 

horizon, or [in other words] the distance of the zenith from the equator, 
measured along the meridian; 4 

1 So one must translate f| Ka0’ %£<; o’ucoupevri : ica0’ I’lJiat; can mean in our neighbourhood’ or 
in our time’. Manitius takes the expression to be temporal (e.g. here, 58,17 ‘deszurzeit bewohnten 
Gebietes der Erde’). This implausible interpretation is contradicted by VI6 (p. 294) where Ptolemy 
talks about different parts of the inhabited world’ (tm 5ta<p6pou otKOupevT)^, H*98,2), and 
mentions the “so-called antipodes’ (ttov dvxtxBdvcov KaXoDpEvtov). In using the expression he is 
implicitly allowing the possibility of an inhabited zone in the southern hemisphere. On the meaning 
and history of the concept oiKOupEVT) see Campanus 396-7. 

2 ‘differ’: literally ‘are earlier or later’. 

3 One should not infer that Ptolemy possessed records of lunar eclipses observed simultaneously at 
eastern and western ends of the known world. In fact it seems probable that theon/y eclipse observed 
at places widely separated in longitude for which he had records of both observations was that of 
- 330 Sept. 20 (cf. HAMA 668 n.30), observed at Arbela and Carthage. 

4 In modern terms, the terrestrial latitude, in antiquity usually known as E£appa too koA.ou, 
‘elevation of the pole’. 
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[2] for those regions where the sun reaches the zenith, when and how often this 
occurs; 

[3] the ratios of the equinoctial and solsticial noon shadows to the gnomon; 

[4] the size of the difference of the longest and shortest day from the equinoctial 
day; 5 and all other additional phenomena which are [commonly] studied 
concerning 

[5] the individual increases and decreases in the length of the days and nights, 6 

[6] and the arcs of the equator which rise or set with [given] arcs of the ecliptic, 7 

[7] and the particulars and quantities of angles between the more important 
great circles. 8 


2. [Given the length oj the longest day , how to find the arcs of the horizon 
cut oj] between the equator and the ecliptic) 9 

Let us take as a general basis for our examples the parallel circle to the equator 
H90 through Rhodes, where the elevation of the pole is 36°, and the longest day 14? 
equinoctial hours. Let [Fig. 2.1] ABGD represent the meridian, BED the 
eastern half of the horizon, AEG, likewise, the [eastern] half of the equator, with 
its south pole at Z. Let us suppose that the winter solstice on the ecliptic is rising 
at H. Draw through Z and H the great circle quadrant ZH0. 



’Details of [1] to [4] are given lor numerous parallels in II 6. 
“See II 9. 

7 See II 7-8. 

“See II 10-13. 

4 On chapters 2 and 3 see HAMA 37-8. Pedersen 101-4. 
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First of all let the length of the longest day be given, and let the problem be to 
find arc EH of the horizon. 10 

Now, since the revolution of the [heavenly] sphere takes place about the poles 
of the equator, it is obvious that points H and © will be on the meridian ABGD 
at the same time. Thus the time from the rising of H to its upper culmination is 
given by the equatorial arc ©A, and the time from its lower culmination to its 
rising is given by [the equatorial arc] G©. It follows that the length of daylight is H91 

twice the time corresponding to arc ©A, and the length of night twice the time 
corresponding to arc G©. For every parallel circle to the equator has both 
sections alike, that above the earth and that below it, bisected by the meridian. 

Therefore arc E©, which is half the difference between longest or shortest day 
and equinoctial day, is li h at the parallel in question, or 18;45 time-degrees. 

Hence its complement, arc ©A, is 71; 15 time-degrees. 

Then since, in accordance with the previous theorems, the two great circle , 
arcs EB and Z© have been drawn to meet the two great circle arcs AE and AZ, 
and intersect each other at H, 

Crd arc 2©A:Crd arc 2AE = 

(Crd arc 20Z:Crd arc 2ZH). (Crd arc 2HB:Crd arc 2BE). [M.T.I] 

But arc 2©A = 142;30°, 
so Crd arc 2©A = 113;37,54 p 
and arc 2AE = 180°, 

so Crd arc 2AE = 120 p . H92 

Again, arc 2©Z = 180°, so Crd arc 20Z = I20 p , 

and arc 2ZH = 132; 17,20°, so Crd arc 2ZH = 109:44,53 p . 

/. Crd arc 2HB:Crd arc 2BE = (113;37,54 : 120)/(120 : 109;44,53) 

= 103:55,26 : 120. 

But arc 2BE = 120**, since arc BE is a quadrant. 

Crd arc 2HB = 103:55,26 p . n 
arc 2HB« 120°, 
and arc HB* 60°. 

arc HE, its complement, is 30° where the horizon is 360°. 

Q.E.D. 


3. {If the same quantities be given , how to find the elevation of the pole f 
and vice versa} 

Next let the problem be, given the same quantity [i.e. the length of the longest 
day] again, to find the elevation of the pole, that is arc BZ of the meridian [in 
Fig. 2.1]. Now, in the same figure, 

Crd arc 2E©:Crd arc 2©A = 

(Crd arc 2EH:Crd arc 2HB). (Crd arc 2BZ:Crd arc 2ZA). [M.T.II] H93 


10 In modern terms, arc EH is the ortive amplitude of the sun. 

"Here and just above (H92.ll and 8) Heiberg’s text gives 103:55,23 (icy for Kq). The correct 
reading is given by ACDAr at H92.8 and by all mss. at H92,l I. Heiberg prefers the reading *23’ 
because it is given by all mss. at H93,10. But the comparison is illegitimate, since there the amount is 
taken from the chord table, whereas here it is derived by calculation. 
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II3 . Computation of (p from M and M from <p 

But arc 2E0 = 37;30°, 
so Crd arc 2E0 = 38;34,22 p , 
and arc 20A = 142;30°, 
so Crd arc 20A = 113;37,54 p . 

Furthermore arc 2EH = 60°, 
so Crd arc 2EH = 60 p , 
and arc 2HB = 120°, 
so Crd arc 2HB = 103;55,23 p . 

Crd arc 2BZ:Crd arc 2ZA = (38;34,22 : 113;37,54)/(60 : 103;55,23) 

« 70;33 : 120. 

And again, Crd arc 2ZA = 120 p , 
so Crd arc 2BZ = 70,;33 p . 

•• arc 2BZ = 72; 1° 
and arc BZ 36°. 

To do the reverse, in the same figure again [Fig. 2.1] let BZ, the arc of the 
H94 pole’s elevation, be given, having been observed to be 36°. Let the problem be 
to find the difference between the shortest or longest day and the equinoctial 
day, i.e. arc 2E0. 

Now, horn the same considerations, 

Crd arc 2ZB:Crd arc 2BA = 

(Crd arc 2ZH:Crd arc 2H0). (Crd arc 20E:Crd arc 2EA). [M.T.II] 
But arc 2ZB = 72° 
so Crd arc 2ZB = 70;32,3 P , 
and arc 2BA = 108°, 
so Crd arc 2BA = 97;4,56 p . 

Furthermore arc 2ZH = 132:17,20°, 
so Crd arc 2ZH = 109:44,53 p , 
and arc 2H0 = 47;42,40°, 
so Crd arc 2H0 = 48;31,55 p . 

Crd arc 20E:Crd arc 2EA = (70,32,3 : 97;4,56Y (109;44,53 : 48;31,55) 

= 31;11,23 : 97;4,56 
* 38:34 : 120. 

H95 But Crd arc 2EA = 120 p , 

.*• Crd arc 2E0 = 38;34 p . 

arc 2E0 37;30°, or 2: equinoctial hours. 12 

Q;E.D. 

In the same way arc EH of the horizon can be determined. For 
Crd arc 2ZA:Crd arc 2AB = 

(Crd arc 2Z0:Crd arc 20H). (Crd arc 2HE:Crd arc 2EB), [M.T.I] 

and (Crd arc 2ZA:Crd arc 2AB) is a given ratio, 
and so is (Crd arc 2Z0:Crd 20H), 
so, since arc EB is given, so is the amount of arc EH. 

It is obvious that if we suppose H to be, instead of the place of the winter 
solstice, any other degree of the ecliptic, by similar reasoning both of the arcs 


12 There has i>een selective rounding at diiferent stages of this calculation to achieve this nice 
result. Accurate calculation of arc 2E© would give (to the nearest minute) 37;29°. 
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II 3. Symmetries of arcs and daylight-lengths 

E0 and EH will be given, since we have already set out, in the ‘Table of 
Inclination’, the arc of the meridian intercepted between ecliptic and equator 
for every degree of the ecliptic: this arc 13 corresponds to H© [in Fig. 2.1]. 

It immediately follows that points on the ecliptic cut by the same parallel H96 
circle, i.e. points equidistant from the same solstice, cut off [between ecliptic 
and equator] arcs of the horizon which are equal and on the same side of the 
equator. They also make the length of the day equal to that of the day [at the 
corresponding point], and the length of the night equal to that of the 
[corresponding] night. 

It likewise follows that points [on the ecliptic] cut by equal parallel circles, 
that is points equidistant from the same equinox, cut olf arcs of the horizon 
which are equal, but on opposite sides of the equator. They also make the length 
of the day equal to the length of the night at the opposite [corresponding] point, 
and the length of the night equal to that of the [corresponding] day. 

For, in the figure already drawn [see Fig. 2.2], we put K as the point in which 
the parallel circle equal to the parallel through H cuts the semi-circle BED of 
the horizon; we draw in arcs HL and KM of the parallel circles: these will, 
clearly, be equal and opposite. We draw through K and the north pole the 
[great circle] quadrant \KX. Then 

arc 0A = arc XG (arc 0A || arc LH, and arc XG || arc MK). 
arc E0 = arc EX (complements [of arc 0A and arc XG]). 

Then, in the two similar spherical triangles 14 EH0 and EI£X we have two H97 
pairs of corresponding sides equal. E0 to EX. and H0 to KX, 15 and both of 
the angles at 0 and X are right, so the base EH equals the base KE. 



13 Reading 7rpoEKtE0eiMeva)v*( with D) for ttpoektiGemevcov at H95.18, and JtEpnpEpEiaiv 'with 
DL, adopted by Manitius), for TtEpupEpEia at H95.22. 
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4. {How to compute for what regions, when, and how often the sun reaches the zenith} 16 

Once the above quantities are given, it is a straightforward computation to 
determine i'or what regions, when, and how often the sun reaches the zenith. 
For it is immediately obvious that for those beneath a parallel which is farther 
away from the equator than the 23;51,20° (approximately), which represents 
the distance of the summer solstice [from the equator], the sun never reaches the 
zenith at all, while for those beneath the parallel which is exactly that distance 
[from the equator], it reaches the zenith once [a year], precisely at the summer 
solstice. It is furthermore clear that for those beneath a parallel less far [from the 
equator] than the above-mentioned amount the sun reaches the zenith twice [a 
year]. The time when this happens is readily supplied from the Table of 
Inclination which we have set out [I 15]. For we take the distance from the 
equator, in degrees, ol* the parallel in question (which must, obviously, lie 
within the [parallel of the] summer solstice), and enter with it the second set of 
columns; we lake the corresponding argument, in degrees from 1° to 90°, in the 
H98 first set of columns; this gives us the distance of the sun from each of the 
equinoxes towards the summer solstice when it is in the zenith for those beneath 
the parallel in question. 


5. {How one can derive (he ratios of the gnomon lo (he equinoctial and solsdcial noon 
shadows from (he above-mentioned quantities} 11 

The required ratios of shadow to gnomon 18 can be found quite simply once one 
is given the arc between the solstices and the arc between the horizon and the 
pole; this can be shown as follows. 

[See Fig. 2.3.] Let the meridian circle be ABGD, on centre E. Let A be taken 
as the zenith, and draw the diameter AEG. At right angles to this, in the plane 
of the meridian, draw GKZN: clearly, this will be parallel to the intersection of 
horizon and meridian. Now, since the whole earth has, to the senses, the ratio of 
a point and centre to the sphere of the sun, so that the centre E can be 
considered as the tip of the gnomon, let us imagine GE to be the gnomon, and 
H99 line GKZN to be the line on which the tip of the shadow falls at noon. Draw 
through E the equinoctial noon ray and the [two] solsticial noon rays: let BEDZ 
represent the equinoctial ray, HE0K the summer solsticial ray, and LEMN the 
winter solsticial ray. Thus GK will be the shadow at the summer solstice, GZ 
the equinoctial shadow, and GN the shadow at the winter solstice. 

Then, since arc GD, which is equal to the elevation of the north pole from the 
horizon, is 36° (where meridian ABG is 360°) at the latitude in question, and 


14 The word Ptolemy uses lor spherical triangle’, Tp'urXeupov, was, according to Pappus.Vrwa^e 
VI 2, Hultsch p. 476, 16-7, the term used by Menelaus. 

15 Arc HO = arc KX because they are the declinations of points equidistant from an equinox. 

lh See Pedersen 104-5 and Appendix A, Example la. 

■'See Pedersen 105-6. 

18 Reference back to II 1 [3] p. 76. They are the equinoctial and solsticial noon shadows. 
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both arc 0D and arc DM are 23:51,20°, by subtraction arc G0 = 12:8,40°, and 
by addition arc GM = 59:51,20°. 

Therefore the corresponding angles 
Z KEG = 12:8,40° ] 

Z ZEG = 36° Y where 4 right angles = 360° 

Z NEG = 59:51,20° J 
and 

Z KEG = 24:17,20°° 1 

Z ZEG = 72°° r where 2 right angles = 360°°. 

Z NEG = 119:42,40°° J 

Therefore in the circles about right-angled triangles KEG, ZEG, NEG, HI00 
arc GK = 24:17,20° 

and arc GE = 155;42,40° (supplement), 
arc GZ = 72° 

and arc GE = 108°, similarly [as supplement], 
arc GN = 119:42,40° 

and arc GE = 60; 17,20° (again as supplement). 

Therefore where Crd arc GK = 25;14,43 p , Crd arc GE = 117;18,51 p , 
and where Crd arc GZ = 70;32,4 P19 , Crd arc GE = 97;4,56 p , 
and where Crd arc GN = 103;46,16 p , Crd arc GE = 60;15,42 p . 

Therefore, where the gnomon GE has 60 p , in the same units 
the summer [solsticial] shadow, GK® 5 12;55 p , 
the equinoctial shadow, GZ® 5 43;36 p 
and the winter [solsticial] shadow, GN®* 103;20 p . 


,9 The chord table gives, for 72°, 70;32,3 P (wrongly changed to 70;32,4 P by Heibergon the basis of 
this passage). All mss. (including the Arabic tradition, except for Gerard, who has 3) have 4 here. 
The inconsistency probably goes back to Ptolemy. It has no effect on the linal result. Cf. p. 93. 
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II6. Characteristics of parallel M = 12 

It is immediately clear that the reverse process is possible. That is, provided 
only that any two of the three above ratios of the gnomon GE to the shadow be 
given, the elevation of the pole and the arc between the solstices are determined. 
For if any two of the angles at E are given, so is the third, since arcs@D and DM 
HI01 are equal. However, in so far as accuracy of the observation is concerned, the 
former quantities [elevation of the pole and 2e] can be exactly determined in the 
way we explained; but the ratios of the shadows in question to the gnomon 
cannot be determined with equal accuracy, since the moment of the equinoxes 
is, in itself, somewhat indeterminate, and the tip of the shadow at winter solstice 
is hard to discern. 


6. {Exposition oj the special characteristics , parallel by parallel } 20 

By the same method we also found the above-mentioned general characteristics 
for the other parallels [to the equator]. We calculated for latitudes at intervals 
of 4 -hour [of longest daylight], considering that sufficient. Before we deal with 
particulars, 21 we shall set out these general characteristics. 

1. We Ixygin with the parallel beneath the equator itself, which forms, 
approximately, the southern boundary of the [earth’s] quarter which comprises 
our part of the inhabited world. This is the only parallel which has every day 
equal to every night, since only in that case [i.e. at the equator] are all parallel 
circles bisected by the horizon, so that every section above the earth is an arc of 
the same size, and is equal to the corresponding section below' the earth. This 
does not occur at any other latitude: 22 [elsewhere] only the equator is bisected at 
HI02 every place on earth by the horizon, so that it makes the night sensibly equal to 
the day [when the sun is] in it. For the equator too is a great circle. All the other 
[parallels] are divided [by the horizon] into unequal parts. 23 As the sphere is 
inclined in our part of the inhabited world, parallels south of the equator make 
the sections above the earth smaller than those below the earth, and the days 
shorter than the nights, while the northern [parallels], on the contrary, make 
the sections above the earth larger, and the days longer. 

This parallel [of the equator] also has the shadow going both ways: 24 the sun 


-"The information given in this chapter is a gesture towards the traditional topics of Hellenistic 
geography. Most of it is irrelevant to the rest of the Almagest and is never mentioned or used again. 
In particular, the definition of latitude by the gnomon-shadow ratio at equinox or solstices is known 
to have l>ccn much used in earlier works (see HAMA II 746-8). and. to judge from Sanskrit 
astronomical works, had important applications in earlier Hellenistic astronomy, but is a mere fossil 
in the Almagest (although Ptolemy probably introduced the norm of 60** for the gnomon). 

The shadow lengths in this chapter are all rounded to the nearest neat fraction or whole number. 
For higher latitudes there are considerable inaccuracies. 

21 By particulars’ he refers to rising-times at sphaera obliqua and other matters treated in the latter 
part of Book II. 

22 ‘at any other latitude’: literally ‘at any of the inclinations’. See Introduction p. 19. 

23 Proved Theodosius, Sphcurica II 19. 

24 dptpioKtoc;, meaning that the noon shadow is to the south for part of the year. This term, and the 
corresponding eiepdcicux; and nspiOKioq (see p. 85 n.36 and p. 89 a67) were used by Posidonius 
(early first century B.C.) in his geographical work (Edelstein-Kidd frs. 49,44-8 and 208) as reported 
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comes into the zenith twice [a year] for those living beneath it, when it reaches 
the intersections of ecliptic and equator; only at those [two times] do the 
gnomons cast no shadow at noon; while the sun is traversing the northern semi¬ 
circle [of the ecliptic] the shadows of the gnomons point towards the south, and 
while it is traversing the southern semi-circle they point towards the north. In 
that region a gnomon of 60 p has a shadow of 26^ p at both summer and winter 
solstices. (When we say ‘shadow’ we mean, in general, the noon shadow; it 
makes no significant difference that the equinoxes and solstices do not, in 
general, take place exactly at noon.) 

For those who live beneath the equator those stars come into the zenith which 
revolve on the equator itself, but all stars are seen to rise and set, since the poles 
of the sphere are exactly on the horizon, and thus it is impossible for any of the 
parallel circles to appear always visible or always invisible, or for any meridian 
to be a colure 25 [i.e. always partly invisible]. It is said that the regions beneath 
the equator could be inhabited, since the climate must be quite temperate. For 
the sun does not stay long in the neighbourhood of the zenith, since its motion in 
declination is swift round about the equinoctial points, and hence the summer 
would be temperate; furthermore, it is not very far from the zenith at the 
solstices, so the winter would not be harsh. But what these inhabited regions are 
we have no reliable grounds for saying. For up to now they are unexplored by 
men from our part of the inhabited world, and what people say about them must 
be considered guesswork rather than report. In any case, such, in sum, are the 
characteristics of the parallel beneath the equator. 

As for the other parallels, which, according to some authorities, comprise the 
inhabited regions, we shall make the following general observations, to avoid 
repeating ourselves in every case. For each of them in order those stars come 
into the zenith whose distance from the equator, measured along the circle 
through the poles of the equator, is equal to the distance of the parallel in question 
[from the equator]. Furthermore the circle which has the north pole of the 
equator as its pole, and the elevation of the pole [at that parallel] as its radius, is 
always visible, and all stars within that circle are always visible. [Likewise], the 
circle which has the south pole as its pole, and the same radius [as the former], is 
always invisible, and the stars within it are always invisible. 

2. The second is the parallel with a longest day of 12i equinoctial hours. This is 
4|° from the equator, and passes through the island Taprobane. 26 This too is ope 
of the parallels with the shadow going both ways: the sun comes into the zenith 
for those beneath it twice [a year], and makes the gnomons shadowless at noon, 
when it is 79^° distant from the summer solstice on either side. Thus while it is 
traversing these 159°, the gnomon shadows point towards the south; and while 


bv Strabo 2.2.3 and 2.5.43. Whether Posidonius actually coined the terms, as Strabo implies 
(feKriXeaev, wrongly denied by me, Toomer[3] 146) seems improbable, but we have no earlier 
attestation. '' 

25 On this term see Introduction p. 19. 

26 Ceylon. For this and the rest of the geographical data in this chapter help is provided by 
Kiepert’s reconstruction of Ptojemy’s world map, ‘Orbis Terrarum secundum Cl. Ptolemaeum’, 
Format Orbis Antiquae no. XXXVI, 1911. 
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II 6. Characteristics of parallels M = 12\ to 13 

it is traversing the other 201 °, they point towards the north. In this region, fora 
gnomon of 60 p , the equinoctial shadow is 4ii p , the summer [solsticial] shadow 
2li p , and the winter [solsticial] shadow 32 p . 

HI05 3. The third is the parallel with a longest day of 12? equinoctial hours. This is 

8;25° from the equator and goes through the Avalite gulf. 27 This too is one of the 
parallels with the shadow going both ways: the sun comes into the zenith for 
those beneath it twice [a year], and makes the gnomons shadowless at noon, 
when it is 69° distant from the summer solstice on either side. Thus while it is 
traversing these 138°, the gnomon shadows point towards the south; and while 
it is traversing the other 222°, they point towards the north. In this region, fora 
gnomon of 60 p , the equinoctial shadow is 8^ p , the summer [solsticial] shadow 
16n p , 28 and the winter [solsticial] shadow 37 t 9 o p . 

4. The fourth is the parallel with a longest day of 12i equinoctial hours. This is 
12:° from the equator, and goes through the Adulitic gulf. 29 This too is one of 
the parallels with the shadow going both ways: the sun comes into the zenith 
twice [a year] for those beneath it, and makes the gnomons shadowless at noon, 

HI06 when it is 57?° from the summer solstice on either side. Thus while it is 
traversing these 115j° the gnomon shadows point towards the south, and while 
it is traversing the remaining 244?° they point towards the north. In this region, 
for a gnomon of 60 p , the equinoctial shadow is 13j°, the summer [solsticial] 
shadow 12 p . and the winter [solsticial] shadow 44s p . 

5. The fifth is the parallel with a longest day of 13 equinoctial hours. This is 
16:27° from the equator, and goes through the island ofMeroe. 30 This too is one 
of the parallels with the shadow going both ways: the sun comes into the zenith 
for those beneath it twice [a year], and makes the gnomons shadowless at noon, 
when it is 45° from the summer solstice on either side. Thus while it is traversing 
these 90° the gnomon shadows point towards the south, and while it is 
traversing the remaining 270° they point towards the north. In this region, fora 
gnomon of 60 p , the equinoctial shadow is 17j p , the summer [solsticial] shadow 
7 4 P , and the winter [solsticial]) shadow 51 p . 31 

6. The sixth is the parallel with a longest day of 13i equinoctial hours. This is 


■' Avalites was a trading-post on the African coast just outside the mouth of the Red Sea. It is 
identified with the mediaeval and modern Zeila, just south of Djibouti. The ‘Avalite gulf is surely 
the nearby Gulf of Tajura, rather than the Gulf of Aden, as asserted by Tomaschek (R-E s.v. 
Aualites). 

- 8 Readinglc Z' tP' (with Is) for"i^ Z' y' (16^) at H105.13. Computed: 16:34,28. 

" 9 Adule or Adulis was a town on the Aethiopic coast of the Red Sea. The gulf is the modern 
Gulf of Zula (formerly Annesley. Bay). 

1(1 Meiw is not an island in the modern sense, but was so called by the Greek geographers because 
it was roughly Ixnmded by the rivers Nile, Atbara (ancient Astaboras), Blue Nile (ancient Astopus) 
and possibly some of their tributaries. Cf. Ptolemy, Geography IV 7 20 (vrjooTroiEUat Meroe. 
bounded by Nile to the west and Astaboras to the east), and the confused account ofStrabo. 17.2.2. 

u Computed: 30:53,4. 51 is probably correct as a rounding to the nearest whole number, but one 
might consider D’s 50;51 or Ts 50h (H 106.18). 
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116. Characteristics of parallels M = 13\ to 14 

20; 14° from the equator, and goes through Napata. 32 This too is one of the 
parallels with the shadow going both ways: the sun comes into the zenith for HI07 
those beneath it twice [a year], and makes the gnomons shadowless at noon, 
when it is 31° from the summer solstice on either side. Thus while it is traversing 
these 62° the gnomon shadows point towards the south, and while it is 
traversing the remaining 298° they point towards the north. In this region, for a 
gnomon of 60 p , the equinoctial shadow is 22s p , the summer [solsticial] shadow 
3i p , and the winter [solsticial] shadow 58i p . 33 

7. The seventh is the parallel with a longest day of 1equinoctial hours. This is 
23;51° from the equator 34 and goes through Soene. 35 This is the first of the so- 
called ‘one-way-shadow’ 36 parallels. For in this region the noon shadows of the 
gnomon never point towards the south. Only at the actual summer solstice does 
the sun come into the zenith for those beneath this parallel, so that the gnomons 
appear shadowless. For they are exactly the same distance from the equator as 
the summer solstice is. At every other time the shadows of the gnomons point 
towards the north. In this region, for a gnomon of60 p , the equinoctial shadow is 

26^ p , the winter [solsticial] shadow is 65* p , and the summer [solsticial] shadow is H108 
zero. 37 Furthermore, all parallels north of this up to the northern boundary of 
our part of the inhabited world have the shadows going one way. For in those 
regions the gnomons at noon neither become shadowless nor point their shadows 
towards the south: they always point them towards the north, since the sun 
never comes into the zenith for them, either. ' 

8. The eighth is the parallel with a longest day of 13j equinoctial hours. This is 
27; 12° from the equator, and goes through Ptolemais in the Thebaid, which is 
called Ptolemais Hermeiou. In this region, for a gnomon of 6(f, the summer 
[solsticial] shadow is 3l p , the equinoctial shadow 3Qg p , 38 and the winter 
[solsticial] shadow 74fi P . 

9. The ninth is the parallel with a longest day of 14 equinoctial hours. This is 
30;22° from the equator, and goes through lower Egypt. In this region, for a 
gnomon of 60 p , the summer [solsticial] shadow is 6g p , the equinoctial shadow 
35n p , and the winter [ solsticial] shadow 83;12 p . 39 


‘“Xapaia is the modern Gebel Baikal, near Merowe in the Sudan. 

u Computed: 22:6.7 lor the equinoctial shadow, and 58:5,55 tor the winter solsticial shadow. One 
would expect ffi instead of£ in both places. Perhaps one should interpret asi;, i.e. 6 minutes: but 
this would normally be written as an aliquot Traction (t'). 

14 Computed: 23:48,20. The discrepancy is interesting, because it is due, not to rounding, but to the 
desire to make the parallel with M = 13;" exactly coincide w ith the parallel with a latitude equal to 
the obliquity of the ecliptic, i.e. where the sun is in the zenith at summer solstice. The difference is 
negligible, but instead of saying so Ptolemy fudges the result. 

15 Also known as Svene: the modern Assuan in upper Egypt. 

3 b ^TEp6aKioq, the opposite of ampumoq; see p. 82 n.24. 

17 Literally _]shadowless’. 

38 Reading X Z' y' (with D, Is) for X<; Z' y / (36?) at H108.13. Computed: 30;48,36. 

39 Reading Jfy $ (with L) for iry (i.e. 12 minutes instead off;) at H108.20. Computed: 
83; 10,39. Ptolemy does not often use the aliquot fraction e' (]). 
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10. The tenth is the parallel with a longest of 14* equinoctial hours. This is 

HI09 33; 18° from the equator, and goes through the middle of Phoenicia. In this 

region, for a gnomon of 60 p , the summer [solsticial] shadow is 10 p , the 
equinoctial shadow 39i p , and the winter [solsticial] shadow 93f5 p . 40 

11. The eleventh is the parallel with a longest day of 14? equinoctial hours. This 
is 36° from the equator, and goes through Rhodes. In this region, for a gnomon 
of 60 p , the summer [solsticial] shadow is 12n p , the equinoctial shadow 43 ? p , 41 
and the winter [solsticial] shadow 103 5 P . 

12. The twelfth is the parallel with a longest day of 14i equinoctial hours. This 
is 38;35° from the equator, and goes through Smyrna. In this region, for a 
gnomon of60 p , the summer [solsticial] shadow is 151 p , the equinoctial shadow is 
47£ p , and the winter [solsticial] shadow is 114n p . 

13. The thirteenth is the parallel with a longest day of 15 equinoctial hours. 
This is 40;56° from the equator, and goes through the Hellespont. In this region, 
for a gnomon of 60 p , the summer [solsticial] shadow is 18i p , the equinoctial 
shadow 52l p , and the winter [solsticial] shadow 127ft P . 4 ~ 

HI 10 14. The fourteenth is the parallel with a longest day of 15i equinoctial hours. 

This is 43; 1 044 from the equator, and goes through Massalia. 44 In this region, for 
a gnomon of60 p , the summer [solsticial] shadow is20£ p , the equinoctial shadow' 
55H p . and the winter [solsticial] shadow 140i p . 4:> 

15. The fifteenth is the parallel with a longest day ol l52 equinoctial hours. This 
is 45:1° from the equator, and goes through the middle of Pontus. 4t> In this 
region, for a gnomon of 60**, the summer [solsticial] shadow' is 23i p , the 
equinoctial shadow 60 p , and the winter [solsticial] shadow 155n P - 47 


40 All the values lor the shadow at this parallel are rather inaccurate. For M = 14i h one finds 
9:57,43. 39:23.11 and 92:52.51. Ptolemy's figures lit a latitude of 33i° much better. 

41 Reading py Z' i' (with Ar) lorp7 Z'y" (43*) at H109.9. Corrected bv Manitius. Cf. 43;36 at II5 

p. 81. 

42 There is a strange discrepancy here. For M =15", one finds <p =40:52.21°. However, the 
shadow lengths lit neither M = 15 h nor tp = 40:56°, but <p = 41°. Computations: 


summer shadow 
equinoctial shadow 
winter shadow' 


M = 15 h 
18:21.47 
51:55,23 
127:5,30 


<p = 40:56° 
18;25,58 
52:2,5 
127:26.32 


<p = 41° 
18:30.34 
52;9.26 
127:49,41 


text 

18:30 

52:10 

127:50 


The parallel through the Hellespont i> Clima V in the traditional *7 climata' (see Introduction p. 
19). Possibly, an older round number for the latitude underlies Ptolemy's values here. 

4i Reading py a for py 5 (43;4) at HI 10.3. Although not supported bv anv ms. reading (Ar has 
431), 43:1 is confirmed by the values lor the shadow lengths. Furthermore. 4' would normally be 
written as an aliquot fraction, te" (but cf. HI 11,6 where 50:4 is certainly correct, and is written v 5. 
i.e. 50:4 and not 50yV). 

44 Modern Marseilles. 

45 Reading pp 6' (with BCIs) loi pp6 (144) at HI 10,6. Computed: 140;31,31. One might also 
consider pps (141), as a rounding to the nearest whole number, but this has no ms. support. 

4h The Black Sea. 

’'Computed: 155:10,32. Possibly one should read 153; 12 (with L. ip lor 10'). Cf. p. 85 n.39. 
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16. The sixteenth is the parallel with a longest day of 15* equinoctial hours. 
This is 46;51° from the equator and goes through the sources of the river Istros. 48 
In this region, for a gnomon of 60**, the summer [solsticial] shadow is 25i p , the 
equinoctial shadow 63ii p , and the winter [solsticial] shadow 17ll p . 

17. The seventeenth is the parallel with a longest day of 16 equinoctial hours. 
This is 48;32° from the equator, and goes through the mouths of the 
Borysthenes. 49 In this region, for a gnomon of 60 p , the summer [solsticial] 
shadow is 27i p , the equinoctial shadow 67i p , and the winter [solsticial] shadow 
188t Z 2 P . 50 

18. The eighteenth is the parallel with a longest day of 16s equinoctial hours. 
This is 50;4° from the equator, and goes through the middle of the Maiotic 
lake. 31 In this region, for a gnomon of 60 p , the summer [solsticial] shadow is 
29n p , 32 the equinoctial shadow 71f p , and the winter [solsticial] shadow 2083 p . 33 

19. The nineteenth is the parallel with a longest day of 16? equinoctial hours. 
This is 5li° 54 from the equator and goes through the southernmost parts of 
Brittania. In this region, for a gnomon of 60 f, the summer [solsticial] 
shadow is 31 n p , the equinoctial shadow 75iV, and the winter [solsticial] shadow 
229j p . 

20. The twentieth is the parallel with a longest day of 16i equinoctial hours. 
This is 52;50° from the equator and goes through the mouths of the Rhine. In this 
region, for a gnomon of 60 p , the summer [solsticial] shadow is 33j p , the 
equinoctial shadow 79i J s P , and the winter [solsticial] shadow 2536 p . 33 

21. The twenty-first is the parallel with a longest day of 17 equinoctal hours. 
This is 54; 1° from the equator, 36 and goes through the mouths of the Tanais. 37 
In this region, for a gnomon of 60 p , the summer [solsticial] shadow is 34H P , the 
equinoctial shadow 82n p , and the winter [solsticial] shadow 278l p . 


48 The Danube. 

49 The modern river Dnieper. 

30 These shadow lengths accord letter with a latitude of48l°. However, <p = 48;32° is abundantly 
attested for this parallel, w hich isClima VIIol the7climata. There are variants 188$ (T) and 188?? 
(* 188:38, L) for the winter shadow. Computed: 188:44.49. 

51 Modem Sea of Azov. 

32 Reading ic8 Z' i(3' (with Ar) for icS Z' y' t(5' (29d) at HI 11,9. Computed: 29;31.31. 

53 Computed: 208;2,32. Perhaps one should read 208;3 (interpreting y ' as y, i.e. 3 minutes, at 
Hill,10). 

54 Reading v75 Z' (with D, Ar) forvS Z'<;' (51 j + i) at HI 11,13. Computed: 51:28,54. Corrected 
by Manitius. 

r ’ 3 For (p = 52;50° one finds the winter shadow as 253;35,53. L has 253;36. Hence one might 
consider emendingtoZ' t' at HI 11, 23. However, there are increasing inaccuracies in the winter 
shadows from here on. 

56 Reading v3 a (with BCDAr) forvBT (54;30) at HI 12,3. Computed: 54;0,18. Corrected by 
Manitius. 

37 The modern river Don. For„the great error in the latitude assigned to this region here and in the 
Geography see Toomer[3] 148. 
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II 6. Characteristics of parallels M - 17 \ to 19 

22. The twenty-second is the parallel with a longest day of 17i equinoctial 
hours. This is 55° from the equator 58 and goes through Brigantium in Great 
Brittania. 59 In this region, for a gnomon of 60 p , the summer [solsticial] shadow is 
36i p , the equinoctial shadow is 85 and the winter [solsticial] shadow is304^ p . 

23. The twenty-third is the parallel with a longest day of 17$ equinoctial hours. 
This is 56° from the equator, and goes through the middle ofGreat Brittania. In 
this region, for a gnomon of 60 p , the summer [solsticial] shadow is 37j p , the 
equinoctial shadow 88$ p , and the winter [solsticial] shadow 335i p . 

HI 13 24. The twenty-fourth is the parallel with a longest day of 17j equinoctial 

hours. This is 57° from the equator, and goes through Caturactonium in 
Brittania. 60 In this region, for a gnomon of60 p , the summer [solsticial] shadow is 
3fti p , 61 the equinoctial shadow is 92l^ p , and the winter [solsticial] shadow is 
372! p . 62 

25. The twenty-fifth is the parallel with a longest day of 18 equinoctial hours. 
This is 58° from the equator and goes through the southern part of Little 
Brittania. 63 In this region, for a gnomon of 60 p , the summer [solsticial] shadow is 
40^ p , the equinoctial shadow 96 p , and the winter [solsticial] shadow 419n p . 64 

26. The twenty-sixth is the parallel with a longest day of 18i equinoctial hours. 
This is 59:° from the equator, and goes through the middle of Little Brittania. 

From here on we no longer used i-hour increments, since [at intervals of 
J-hour for the longest daylight] the parallels are now close together, and the 
difference in the elevation of the pole is no longer as much as a whole degree. 
Furthermore, for the points even further north there is not the same need for 
detail. Hence we considered it superfluous to list the ratios of the shadows to the 
gnomon, as if it were for some well-defined place. 

HI 14 27. The parallel where the longest day is 19 equinoctial hours is 61° from the 

equator and goes through the northern parts of Little Brittania. 


,8 Computed: 55;7,16. From here on the roundings become much more drastic. 

39 By Great Brittania’ and ‘Little Brittania’ Ptolemy refers to the two principal islands of the 
British isles, namely modern Great Britain' (England, Wales and Scotland) and Ireland. None of 
the places called Brigantium were in Britain. However, there was in Britain a tribe of Brigantes, 
whose kingdom was sometimes known as Brigantia (which was further to the north than this 
latitude would imply). Ptolemy presumably made an error here. He seems to have corrected it by 
the time he came to write the Geography , which does mention the Brigantes, but no Brigantium in 
Britain. 

^Modern Catterick in Yorkshire. The usual Latin form is ‘Cataractonium’. 

61 Reading XG (with D, Is) for £5 y' ( 39j) at H113.4. Computed for tp = 57°: 39; 10,48. 

62 Reading 17 (with B^D 2 , Ar) for ^ i$' (372^) at HI 13,5. Computed: for <p = 59°: 
372;44,27. 

bi Ireland: see above n.59. 

64 Computed for <p = 58°: 419; 15,1. Perhaps one should emend to419* (5 7 for i(3' at HI 13,11). Cf. 
‘119t{\ Ger. 
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28. The parallel where the longest day is 19i equinoctial hours is 62° from the 
equator and goes through the islands called ‘Eboudae’. 65 

29. The parallel where the longest day is 20 equinoctial hours is 63° from the 
equator and goes through the island Thule. 66 

30. The parallel where the longest day is 21 equinoctial hours is 64^° from the 
equator and goes through unknown Scythian peoples. 

31. The parallel where the longest day is 22 equinoctial hours is 65i° from the 
equator. 

32. The parallel where the longest day is 23 equinoctial hours is 66° from the 
equator. 

33. The parallel where the longest day is 24 equinoctial hours is 66;8,40° from 

the equator. This is the first of the [parallels] where the shadow goes full circle. 67 
For on that parallel, at the summer solstice (and then only), the sun does not set, 
so the shadow- of the gnomon points towards every part of the horizon [in turn]. 
There the parallel of the summer solstice is ever-visible, and the parallel of the 
winter solstice is ever-invisible, since both are tangent to the horizon, on 
opposite sides. And the ecliptic coincides w'ith the horizon when the spring 
equinoctial point on it is rising. ' 

If, purely theoretically, one were to investigate some of the general 
characteristics of the latitudes even farther north, one would find the following. 

34. Where the elevation of the north pole is about 67°, the 15° of the ecliptic on 
either side of the summer solstice do not set at all. So the longest day and the 
period when the shadow turns to point in all directions on the horizon is about a 
month long. This too can easily be seen from the Table of Inclination set out 
[above]. For wc take a parallel, e.g. the parallel which cuts off[a segment of the 
ecliptic] 15° either side of the solstice (at which point it is either ever-visible or 
ever-invisible). The distance from the equator corresponding to that segment of 
the ecliptic will, obviously, give the amount by which the elevation of the north 
pole differs from the 90° of the quadrant. 68 

35. Thus, where the elevation of the pole is 69i°, one would find that the 30° on 
either side of the summer solstice do not set at all. So the longest day and the 

65 By this name (which possibly ought to be aspirated, as Hebudae’ in Pliny. \'H 4.30) Ptolemy 
refers to the Hebrides, which he supposed to lie north of Ireland. 

66 By ‘Thule’ Ptolemy refers to the modern Shetlands, as is clear from his Geography (II3 32). It has 
been a matter of great dispute to what place (if any) the man who first introduced the name ‘Thule’ 
to the Greek world, Pytheas ofMassalia, was referring. For ancient information on Pytheas’ voyage. 
to Thule, a discussion of its identification and references to modern literature see Hennig, Terrae 
Incognitae I 119-24, 129-35. 

67 7t£piOKio<;. Cf. p. 82 n.24. 

68 See Appendix A, Example \b. 
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period when the gnomons throw shadows in all directions last about two 
months. 

36. Where the elevation of the pole is 73]°, one would find that the 45° on either 
side of the summer solstice do not set at all. So the longest day and the period 
when the gnomons throw shadows in all directions last about three months. 

37. Where the elevation of the pole is 78j°, one would find that the 60° on either 
side of the same solstice do not set at all. So the longest day and the period when 
the shadow turns through a full circle would last about four months. 

38. Where the elevation of the pole is 84°, one would find that the 75° on either 
side of the summer solstice do not set at all. So in this case the longest day would 
be about five months long, and the gnomon would throw shadows in all 
directions for the same period. 

39. Where the north pole is elevated from the horizon through the 90° of the 
complete quadrant, the whole semi-circle of the ecliptic which is north of the 
equator never goes below the earth, and the whole semi-circle south of it never 

HI 17 comes above the earth. Therefore every year contains only one day and one 
night, each about six months long, and the gnomons always throw shadows in 
ail directions. Further special characteristics of this latitude are that the north 
pole is in the zenith, and that the equator coincides with the position of the ever- 
visible circle, and also with that of the ever-invisibie circle and with the horizon; 
thus the whole hemisphere north of the equator is always above the earth, and 
the whole hemisphere south of the equator is always below the earth. 


7. {On simultaneous risings of arcs of the ecliptic and equator at sphaera obiiqua} 69 

After we have thus set out the general characteristics which can be theoretically 
deduced for the [various] latitudes, our next task is to show how to calculate, for 
each latitude, the arcs of the equator, measured as time-degrees, which rise 
together with [given] arcs of the ecliptic. From this we shall systematically derive 
all the other special characteristics [of the climata]. We shall use the names of 
the signs of the zodiac for the twelve [30°-] divisions of the ecliptic, according to 
the system in which the divisions begin at the solsticial and equinoctial points. 70 

H118 We call the first division, beginning at the spring equinox and going towards the 
rear with respect to the motion of the universe, ‘Aries’, the second ‘Taurus’, and 
so on for the rest, in the traditional order of the 12 signs. 

We shall first prove that arcs of the ecliptic which are equidistant from the 
same equinox always rise with equal arcs of the equator. 


69 Sec HAMA 34-7, Pedersen 110-13. 

70 1.e. the spring equinox defines ‘Aries 0°’, etc. This specification was necessary because other 
norms existed in antiquity, notably those where the spring equinox was at ^ 8°andT 10° (derived 
from Babylonian practice). See HAMA II 594-8. 
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[See Fig. 2.4.] Let ABGD be a meridian, BED the semi-circle of the horizon, 

AEG the semi-circle of the equator, and ZH and @K two arcs of the ecliptic 
such that points Z and 0 are each supposed to be the spring equinox, and equal 
arcs have been cut off on opposite sides of [that equinox]: these are arcs ZH and 
©K, which are rising at points K and H [respectively]. I say, that the arcs of the 
equator which rise with them, namely ZE and ©E respectively, are equal. 

[Proof.] Let points L and M represent the poles of the equator, and draw HI 19 
through them the great-circle arcs LEM, L©, LK, ZM and MH. Then since 



Fig. 2.4 


arc ZH = arc ©K, 

and arc LK = arc MH because the parallels 
through K and H are 
- equidistant from the ' 
equator on opposite 
and arc EK = arc EH J sides, 71 
[spherical triangle] LK© s [spherical triangle] MHZ 
and [spherical triangle] LEK = [spherical triangle] MEH. 

Z KLE = Z HME, 
and Z KL© = Z HMZ. 

Therefore, by subtraction, Z EL© = Z EMZ. 

•*. E0 = EZ, bases [of congruent triangles EL©, EMZ]. 

Q.E.D. 

Again, we shall prove that if two arcs of the ecliptic are equal and are 
equidistant from the same solstice, the sum of the two arcs of the equator which 


Cf. II 3 (p. 79). 
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rise with them is equal to the sum of the rising-times [of the same two arcs of the 
ecliptic] at sphaera recta. 

[See Fig. 2.5.] Let ABGD be a meridian, and let semi-circle BED represent 
the horizon, and semi-circle AEG the equator. Draw two arcs of the ecliptic, 
HI20 equal and equidistant from the winter solstice, ZH (where Z is taken as the 
autumnal equinox) and @H (where © is taken as the spring equinox). 

R 



Thus H is the point on the horizon which is common to the rising of both, 
since arcs ZH and 0H are both bounded by the same parallel circle to the 
equator. Therefore, obviously, arc 0E rises with arc 0H, and arc EZ with arc 
ZH. Then it is immediately obvious that the whole arc 0EZ is equal to the sum 
of the rising-times of arc ZH and arc 0H at sphaera recta. 

[Proof] For if we take K as the south pole of the equator, and draw through it 
and H the great-circle quadrant KHL, which represents the horizon at sphaera 
recta , then 0L is the arc which rises with arc 0H at sphaera recta , and similarly 
LZ is the arc which rises with arc ZH. Thus the sum of the arcs (0L + LZ) 
equals the sum of the arcs (0E + EZ), and both are comprised in the arc 0Z. 

Q.-E.D. 

From the above we have shown that, if we can calculate the individual rising- 
H121 times at any latitude for just a single quadrant, we will simultaneously have 
solved the problem for the remaining three quadrants as well. 

This being the case, let us again take as a paradigm the parallel through 
Rhodes, where the longest day is 14? equinoctial hours, and the elevation of the 
north pole from the horizon is 36°. 

[See Fig. 2.6.] Let ABGD be a meridian, BED the semi-circle of the horizon, 
AEG the semi-circle of the equator, and ZH0 the semi-circle of the ecliptic, 
positioned so that H represents the spring equinox. Take K as the north pole of 
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the equator, and draw through K and L, which is the intersection of the ecliptic 
and the horizon, the great-circle quadrant KLM. 

Let the problem be, given arc HL, to find the arc of the equator which rises 
with it, that is arc EH. 

First let arc HL comprise the sign of Aries. 

Then since, in the diagram, the two great-circle arcs ED and KM are drawn 
to meet the two great-circle arcs EG and GK, and intersect each other at L, 

Crd arc 2KD:Crd arc 2DG = 

(Crd arc 2KL:Crd arc 2LM). (Crd arc 2ME:Crd arc 2EG). [M.T. II] H122 
But arc 2KD = 72°, so Crd arc 2KD = 70;32,4 P ; 72 

arc 2GD = 108°, so Crd arc 2GD = 97;4,56 p . 

And arc 2KL = 156;40,1°, 7 ? so Crd arc 2KL = 117;31,15 p ; 
arc 2LM = 23; 19,59°, so Crd arc 2LM = 24;15,57 p . 

Crd arc 2ME:Crd arc 2EG = (70:32,4 : 97;4,56)/(l 17;31,15 ; 24; 15,57) 

= 18;0,5 : 120. 

And Crd arc 2EG = 120 p . 

Crd arc 2ME = 18;0,5 P 
arc 2ME~ 17; 16° 
and arc ME = 8;38° 

And since the whole arc HM rises with the whole arc HL at sphaera recta , it is 
27;50°, as was shown above, [p. 73.] 

Therefore, by subtraction, EH is 19; 12°. 

We have simultaneously proved that the sign Pisces rises in the same time (in HI23 


72 Here (H122,4) and at H122,10 and H123.13 thcGreek and Arabic ms. traditions give 70;32,4 P 
as the chord of 72°, whereas in the chord table it is 70;32,3 P (found here only in Ger.). Is this an 
indication that there was an earlier version of the chord table? Cf. p. 81 n.19. 

71 Reading pTg JI U (with B.Is) for pni (I56;41) at H122,7. Corrected by Manitius. 
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degrees) of 19; 12°, and that each of the signs Virgo and Libra rises in 36;28°, 
which is the remainder [of 19; 12° taken] from twice the rising-time at sphaera 
recta. 

QE.D. 

Secondly, let arc HL comprise the 60° of the two signs Aries and Taurus. 
Then, from our assumptions, the other quantities will remain the same, but 
arc 2KL = 138;59,42°, so Crd arc 2KL = 112;23,56 p , 
and arc 2LM = 41 ;0,18°, 74 so Crd arc 2LM = 42;l,48 p . 

Crd arc 2ME:Crd arc 2EG = (70;32,4 : 97;4,56)/(l 12;23,56 : 42; 1,48) 

= 32;36,4 : 120. 

And Crd arc 2EG = 120 p . 

Crd arc 2ME = 32;36,4 P . 

arc 2ME«31;32°, 
and arc ME* 5 * 15;46°. 

But the whole arc MH 75 was previously shown to be 57;44° [ p. 73.] 

Therefore, by subtraction, arc HE = 41;58°. 

Therefore the combined signs of Aries and Taurus rise in 41;58 time degrees, 
HI 24 of which 19; 12° was shown to belong to the rising-time of Aries. Therefore the 
sign of Taurus by itself rises in 22;46 time-degrees. 

By the same reasoning as before, the sign of Aquarius will rise in the same 
time of 22;46°, and each of the signs of Leo and Scorpio in 37;2°, which is the 
remainder [of 22;46° taken] from twice the rising-time at sphaera recta . 

Now since the longest day is 14^ equinoctial hours, and the shortest 
equinoctial hours, it is obvious that the semi-circle [of the ecliptic] from Cancer 
to Sagittarius will rise with 217;30° of the equator, and the semi-circle from 
Capricorn to Gemini with 142;30°. Therefore each of the quadrants on either 
side of the spring equinox will rise in 71; 15 time-degrees, and each of the 
quadrants on either side of the autumnal equinox will rise in 108;45 time- 
degrees. Therefore the remaining signs [in each quadrant], Gemini and 
Capricorn, will each rise in 29; 17 time-degrees, which is the difference [of 
19;12° + 22;46°] from the 71;15° in which the quadrant rises, and the 
remaining signs Cancer and Sagittarius will each rise in 35; 15 time-degrees, 
which is the difference [of 36;28° + 37;2°] from the 108;45° in which that 
quadrant rises. 

H125 It is obvious that we could also calculate the rising-times of smaller arcs of the 
ecliptic [than whole signs] by exactly the same method. But we can also 
compute them by another easier and more practical procedure, as follows. 

[See Fig. 2.7.] First Jet ABGD represent a meridian, BED the semi-circle of 
the horizon, AEG the semi-circle of the equator, and ZEH the semi-circle of the 
ecliptic, with the intersection E taken as the spring equinox. Gut off an arbitrary 
arc E0 on [the ecliptic], and draw the segment 0K of the parallel to the equator 
through 0. Taking L as the [south] pole of the equator, draw through it the 
great-circle quadrants L0M, LKN and LE. 


,4 Reading pH o TTJ (with Ar and variants in Greek mss.) lor p3 9 Tfj (41;9,18) at HJ23.11. 
Corrected by Manitius. 

''’Correcting the misprint ‘ME’ at H123,21, with Manitius. 
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Then it is immediately obvious that the segment E0 of the ecliptic rises with 
arc EM of the equator at sphaera recta , and with NM at sphaera obliqua , since arc 
K0 of the parallel circle, with which segment E0 rises [at sphaera obliqua ], is 
similar to arc NM of the equator and similar arcs of parallel circles rise in equal 
times everywhere. Therefore arc EN is the difference between the rising-times HI26 
of segment E0 at sphaera obliqua and at sphaera recta. Thus we have shown that, 
for arcs of the ecliptic bounded by point E and the parallel circle through K, in 
every case, if the great-circle arc corresponding to LKN is drawn, segment EN 
will comprise the difference between that arc’s rising-times at sphaera recta and at 
sphaera obliqua .' 6 

QE.D. 

Having established this as a preliminary, let us draw [see Fig. 2.8] a diagram 
containing only the meridian and the semi-circles of the horizon [BED] and of 
the equator [AEG]; through Z, the south pole of the equator, let us draw the two 
great-circle quadrants ZH0 and ZKL. Let us take H as the intersection of the 
horizon with the parallel circle through the winter solstice, and K as the 
intersection [of the horizon] with the parallel circle through, e.g., the beginning 
of Pisces, or any other given point on the quadrant [from the beginning of HI27 
Capricorn to the end of Pisces]. 

Then, again, the great-circle arcs ZKL and EKH are drawn to meet the 
great-circle arcs Z@ and E0, and intersect each other at K. Therefore 
Crd arc 20H:Crd arc 2ZH = 

(Crd arc 20E:Crd arc 2EL). (Crd arc 2KL:Crd arc 2KZ) [M.T. II] 

But at every latitude arc 20H is given and is the same, since it is the arc 
between the solstices. Hence arc 2HZ, its supplement, is also given. Similarly; 


76 This arc EN is known in mediaeval astronomy as the ‘ascensional difference’. See HAMA 36 
and 980-2, and Neugebauer-^chmidt. 
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Fig. 2.8 


for the same arc of the ecliptic, arc 2LK is the same at all latitudes, and is given 
from the Table of Inclination [I 15]; and thence again its supplement, arc2KZ, 
is given. Therefore, by division [of the above members], (Crd arc 20E:Crd arc 
2EL) is found to be the same at all latitudes (for the same arc of that quadrant 
[of the ecliptic]). 

Since this is so, we take the different values of arc KL at every 10° [of the 
ecliptic] through the quadrant from the spring equinox to the winter solstice 
(for subdivision down to arcs of this size [ 10°] will be sufficient for practical 
purposes). Then in every case 

H128 arc 20H = 47;42,40°, and Crd arc 20H = 48;31,55 p , 
arc 2HZ = 132;17,20°, and Crd arc 2HZ = 109;44,53 p 
Then, for the 10° [of the ecliptic] from the spring equinox towards the winter 
solstice, 

arc 2KL = 8,3,16°, and Crd arc 2KL = 8;25,39 p , 
arc 2KZ = 171;56,44°, and Crd arc 2KZ = 119;42,14 p . 

For the arc 20° from the equinox 

arc 2KL = 15,54,6°, Crd arc 2KL = 16;35,56 p , 
arc 2KZ = 164;5,54°, Crd arc 2KZ = 118;50,47 p . 

For the arc 30° from the equinox 

arc 2LK = 23; 19,58°, Crd arc 2LK = 24;15,56 p , 
arc 2KZ = 156;40,2°, Crd arc 2KZ = 117;31,15 p . 

For the arc 40° from the equinox 
H129 arc 2LK = 30;8,8°, Crd arc 2LK = 31,1 l,43 p . 

arc 2KZ = 149;51,52°, Crd arc 2KZ = 115;52,19 p . 

For the arc 50° from the equinox 

arc 2LK = 36;5,46°, Crd arc 2LK = 37;10,39 p , 
arc 2KZ = 143;54,14°, Crd arc 2KZ = 114;5,44 p . 

For the arc 60° from the equinox 
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arc 2LK = 41;0,18°, Crd arc 2LK = 42;l,48 p , 
arc 2KZ = 138;59,42°, Crd arc 2KZ = 112;23,57 p . 

For the arc 70° from the equinox 

arc 2LK = 44;40,22°, Crd arc 2LK = 45;36,18 p ’ 
arc 2KZ = 135;19,38°, Crd arc 2KZ = 110;59,47 p . 

For the arc 80° from the equinox 

arc 2LK = 46,56,32°, Crd arc 2LK = 47;47,40 p , 
arc 2KZ = 133;3,28°, Crd arc 2KZ = 110;4,16 p . 

From the above we find that if we divide the ratio (Crd arc 20H:Crd arc 
2HZ), namely (48:31,55 : 109;44,53), by the ratio (Crd arc2LK:Crdarc2KZ), 
as given above, at each of the 10° intervals, we will get the ratio (Crd arc 
20E:Crd arc 2EL), which is the same at all latitudes. 


For the 10° arc 

it is 60 : 9;33 

for the 20° arc 

60 : 18:57 

for the 30° arc 

60 : 28; 1 

for the 40° arc 

60 : 36;33 77 

for the 50° arc 

60 : 44:12 

for the 60° arc 

60 : 50;44 

for the 70° arc 

60 : 55:45 

and for the 80° arc 

60 : 58;55. 


It is immediately obvious that for each latitude we will have arc 2©E as a 
given arc, since it is, in degrees, the difference in time-degrees of the equinoctial 
day from the shortest day. Hence, from Crd arc 20E and the ratio (Crd arc 
20E:Crd arc 2EL). Crd arc 2EL will be given, and [hence] arc 2EL. We will 
subtract half of this, namely arc EL, which comprises the above-mentioned 
difference [between rising-times at sphaera recta and sphaera obliqua], from the 
rising-time of the ecliptic arc in question at sphaera recta , and thus obtain the 
rising-time of the same arc at the given latitude. 

As an example, let us again take the latitude of the parallel through Rhodes. 
Here 

arc 2E0 = 37:30°, so Crd arc 2E0 ^ 38;34 p . 

Then since 60 : 38;34 = 9:33 : 6;8 

= 18;57 : 12; 11 
= 28; 1 : 18;0 
= 36;33 : 23;29 78 
= 44; 12 : 28;25 
= 50;44 : 32;37 
= 55;45 : 35;52 79 
= 58;55 : 37;52, 


77 Computed from Ptolemy’s figures: 36;3l,42. For the arc 40° above, a more accurate value for 
Crd arc 2KZ would be 115;52,26 p . However, substituting that leads to 36;31,40 here. In either case, 
36;32 would be the correct result to the nearest minute. This is the readingofGer, but the rest ofthe 
tradition is unanimous for 36;33. 

78 Accurate computation with 36;33 here gives 23;29,36, while 36;32 (see n.77) gives 23;28,58. 
This speaks in favour of the reading 36;32, but not decisively. 

79 Computed: 35;50,6. However 35;52 is guaranteed by 17;24 for the seventh 10° arc below (35;50 
leads to 17;23°). 


H13( 


H131 
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and since Crd arc 2EL equals the above amount [6;8 P , etc.] at each of the above- 
mentioned 10° intervals, half of the arc it subtends, namely arc EL, will assume 
the following values: 


for the first 10° 

2;56° 

up to the end of the second 

5; 50° 

up to the end of the third 

8;38° 

up to the end of the fourth 

11; 17° 

up to the end of the fifth 

13;42° 

up to the end of the sixth 

15;46° 

up to the end of the seventh 

17;24° 

up to the end of the eighth 

18;24° 

up to the end of the ninth, obviously, 

18;45°. 

Since the corresponding rising-times at sphaera recta are 

as follows: 

for the first 10° 

9; 10° 

up to the end of the second 

18;25° 

up to the end of the third 

27; 50° 

up to the end of the fourth 

37;30° 

up to the end of the fifth 

47;28° 

up to the end of the sixth 

57;44° 

up to the end of the seventh 

68; 18° 

up to the end of the eighth 

79; 5° 

and up to the end of the ninth 

90° (the time- 

degrees of the whole quadrant), 

it is clear that by subtracting the difference, given by the arc EL, from the 

corresponding rising-time at sphaera recta in each case, we 

get the rising-times of 

the same arcs at the latitude in question. These are 
for the first 10° 

6; 14° 

up to the end of the second 

12;35° 

up to the end of the third 

19; 12° 

up to the end of the fourth 

26; 13° 

up to the end of the fifth 

33;46° 

up to the end of sixth 

41;58° 

up to the end of the seventh 

50,-54° 

up to the end of the eighth 

60;41° 

up to the end of the ninth 

71;15° 

(i.e. for the whole quadrant) 

(which cor- 

responds to the 
length of half of 
the [shortest] day). 

The ten-degree segments will rise in the following time-degrees: 

1st 

6; 14° 

2nd 

6;21° 

3rd 

6;37° 

4th 

7;1° 

5th 

7;33° 

6th 

00 

H 

7th 

8;56° 







lay 


II 7. Computation of rising-time tables 99 

8th 9;47° 

9th 10;34°. 

Once we have established the above, the corresponding rising-times of the HI33 
remaining quadrants will immediately be established on the same basis, by 
means of the theorems set out above. 

In the same way we calculated the rising-times at every 10° interval for all 
other parallels which one might come upon in actual practice. For future use we 
shall set these out in tabular form, beginning with the parallel directly beneath 
the equator, and going as far as the parallel with a longest day of 17 hours. The 
parallels are taken at intervals of i -hour [of longest day], since the difference [of 
exact computations] from results derived from linear interpolation [between 
half-hour intervals] is negligible. In the first column we put the 36 ten-degree 
intervals of the circle, in the next the corresponding time-degrees of the rising¬ 
time of that 10-degree arc at the latitude in question, and in the third the 
accumulated sum, as follows. 


8. {Table of rising-times at ten-degree intervals] 80 HI34—41 

[See pp. 100-3.] 

9. {On the particular features which follow from the rising-times}* 1 HI 42 

Now that we have set out the rising-times in the above mariner, all the other 
problems associated with this subject will be easily soluble, and we shall not 
need to go through geometrical proofs or construct special tables to solve each 
problem. This will become clear from the actual methods described below. 

First, one can find the length of a given day or night as follows. Take the 
rising-times of the appropriate latitude; for the day, count from the degree in 
which the sun is to the degree diametrically opposite, going towards the rear 
through the signs; for the night, count from the degree opposite the sun to the 
sun’s degree. Form the sum of the rising-times [of the relevant 180°], and divide 
by 15: this will give the relevant interval in equinoctial hours. If we takeT^th [of 
the sum of the rising-times] we will have the length of the seasonal hour of that 
interval [i.e. day or night] in time-degrees. 

One can also find the length of the [seasonal] hour more conveniently by 
taking, from the above Table of Rising-times [II 8], the total rising-time 
corresponding to the sun’s degree for the day (or the degree opposite the sun for 
the night) both at the parallel beneath the equator [i.e. sphaera recta] and at the 
relevant latitude, and forming the difference. Take 6 th of the latter, and add it HI43 
to the 15 time-degrees of one equinoctial hour for points on the northern semi¬ 
circle [of the ecliptic], or subtract it from 15° for points on the southern semi¬ 
circle: the result will be the length of the relevant seasonal hour in time- 
degrees. 82 

80 Correction to text: atH138,2 (latitude for M = 16 h ) read^ Xj$ (with Ar) forpTi (48°). Cf. 116 p. 

87. 

81 See HAMA 40-3 (with worked examples) and Pedersen 113-15. 

82 See Appendix A, Example 2. 
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TABLE OF RISING-TIMES AT 10° INTERVALS 




SPHAERA RECTAj 

AVALITE GULF 

MEROE 

10° 

12 h 0° 

12i h 8;25° 

I3 h 16:27° 

SIGNS Inter -1 

Accumulated 

Accumulated 

Accumulated 

vals | 

° ' Time-Degrees 

o > Time-Degrees 

o * Time-Degrees 


TAURUS 


10 9 40 
20 9 58 
30 10 10 

10 10 34 
20 10 47 
30 10 55 


9 10 

18 25 

27 50 

8 35 

8 39 

8 52 

8 35 
17 14 
26 6 

37 30 

9 8 

35 14 

47 28 

9 29 

44 43 

57 44 

9 51 

54 34 

68 18 

10 15 

64 49 

79 5 

10 35 

75 24 

90 0 

10 51 

86 15 





10 

10 

16 

132 

32 

10 

41 

129 

47 

11 

5 

127 

1 

LEO 

20 

9 

58 

142 

30 

10 

27 

140 

14 

10 

55 

137 

56 


30 

9 

40 

152 

10 

10 

12 

150 

26 

10 

44 

148 

40 


10 

9 

25 

161 

35 

9 

58 

160 

24 

10 

33 

159 

13 

VIRGO 

20 

9 

15 

170 

50 

9 

51 

170 

15 

10 

25 

169 

38 


30 

9 

10 

180 

0 

9 

45 

180 

0 

10 

‘>«> 

180 

0 


10 

9 

10 

189 

10 

9 

45 

189 

45 

10 

<><) 

190 

22 

LIBRA 

20 

9 

15 

198 

25 

9 

51 

199 

36 

10 

25 

200 

47 


30 

9 

25 

207 

50 

o 

58 

| 209 

34 

10 

33 

211 

20 


10 

9 

40 

! 217 

30 

10 

12 

219 

46 

10 

44 

222 

4 

SCORPIUS 

20 

9 

58 

227 

28 

10 

27 

230 

13 

10 

55 

232 

59 


30 

10 

16 

237 

44 

10 

41 

240 

54 

11 

5 

244 

4 


10 

10 

34 

[ 248 

18 

10 

53 

251 

47 

It 

12 

255 

16 

SAGITTARIUS 

20 

10 

47 

259 

5 

10 

59 

262 

46 

11 

11 

266 

27 


30 

10 

55 

270 

0 

10 

59 

273 

45 

11 

3 

277 

30 



10 

9 25 

20 

9 15 

30 

9 10 


280 

55 

10 

51 

284 

36 

10 

47 

288 

17 

291 

42 

10 

35 

295 

11 

10 

23 

298 

40 

302 

16 

10 

15 

305 

26 

9 

56 

308 

36 

312 

32 

9 

51 

315 

17 

9 

27 

318 

3 

322 

30 

9 

29 

324 

46 

9 

1 

327 

4 

332 

10 

9 

8 

333 

54 

8 

36 

335 

40 

341 

35 

8 

52 

342 

46 

8 

17 

343 

57 

350 

50 

8 

39 

351 

25 

8 

5 

352 

2 

360 

0 

8 

35 

360 

0 

7 

58 

360 

0 
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SOENE 

LOWER EGYPT 

RHODES 

10° 

13i h 23:51° 

14 h 30;22° 

14^ h 36:0° 

Inter¬ 

Accumulated 

Accumulated 

Accumulated 

vals 

0 'Time-Degrees 

0 'Time-Degrees 

0 ' Time-Degrees 



SCORPIUS 



8 37 

323 32 

8 t: 


8 2 ! 

331 34 

7 3: 


7 33 j 

339 7 

7 



SAGITTARIUS 

10 

20 

30 

11 32 

11 23 

11 7 

258 45 
270 8 
281 15 

11 51 

11 34 
ll 12 

262 14 
273 48 
285 0 

12 12 = 
11 47 
ll 16 1 

265 42 

277 29 
288 45 

1 

10 

10 43 

291 58 

10 38 

295 38 

10 34 

299 19 

C APR ICO RXUS 

20 

10 11 

302 9 

10 0 

305 38 

9 47 

309- 6 


30 

9 36 

311 45 

9 17 

314 55 

8 56 

318 2 



















SIGNS 

10 ° 

Inter¬ 

vals 

HELLESPONT 

15 h 40;56° 

Accumulated 
° ' Time-Debtees 

MIDDLE OF 
PONTUS 

15i h 45:1° 

Accumulated 
° ' Time-Degrees 

MOUTHS OF 
BORYSTHENES 

16 h 48,32° 

Accumulated 
° 7 Time-Degrees 


10 




■m 

4 36 

4 36 

ARIES 

Mm 





4 43 

9 19 


Em 





5 1 

14 20 






mnwm 

5 26 

19 46 


mm 





6 5 

25 51 


m 




35 47 

6 52 

32 43 


10 

8 38 

47 29 

8 15 

44 2 

7 53 

40 36 

GEMINI 

20 

9 32 

57 1 

9 19 

53 21 

9 5 

49 41 


30 

10 29 

67 30 

10 24 

63 45 

10 19 

60 0 


10 

11 21 

78 51 

11 26 

75 11 

11 31 

71 31 

CANCER 

20 

12 2 

90 53 

12 15 

87 26 

12 29 

84 0 


30 

12 30 

103 23 

12 53 

100 19 

13 15 

97 15 


10 

12 46 

116 9 

13 12 

113 31 

13 40 


LEO 

20 

12 52 

129 1 

13 22 

126 53 

13 51 

124 46 


30 

12 51 

141 52 

13 22 

140 15 

13 54 



10 

12 45 

154 37 

13 17 

153 32 

13 49 

152 29 

VIRGO 

20 

12 43 

167 20 

13 16 

166 48 

13 47 

166 16 


30 

12 40 

180 0 

13 12 

180 0 

13 44 

180 0 












SIGNS 

10 ° 

Inter¬ 

vals 

SOUTHERNMOST 
BRITT ANIA 

16! h 51:30° 

Accumulated 
° ' Time-Degrees 

MOUTHS OF 
TANAIS 

I7 h 54; 1° 

Accumulated 
° ' Time-Degrees 


10 

4 5 

4 5 

3 36 


ARIES 

20 

4 12 

8 17 

3 43 



30 

4 31 

12 48 

4 0 



10 

4 56 

17 44 

4 26 

15 45 

TAURUS 

20 

3 34 

23 18 

5 4 

20 49 


30 

6 25 

29 43 

5 56 

26 45 


10 

7 29 

37 12 

7 5 

33 50 

GEMINI 

20 

8 49 

46 1 

8 33 

42 23 


30 

10 14 

56 15 

10 7 

52 30 


10 

11 36 

67 51 

11 43 

64 13 

CANCER 

20 

12 45 

80 36 

13 1 

77 14 


30 

13 39 

94 15 

14 3 

91 17 


10 

14 7 

108 22 

14 36 

105 53- 

LEO 

20 

14 22 

122 44 

14 52 

120 45 


30 

14 24 

137 8 

14 54 

135 39 


10 

14 19 

151 27 

14 50 , 

150 29 

VIRGO 

20 

14 18 

165 45 

14 47 

165 16 


30 

14 15 

180 0 

14 44 

180 0 


10 

14 15 

194 15 

14 44 

194 44 

LIBRA 

20 

14 18 

208 33 
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11 9. Applications of rising-time tables 

Next, one can convert seasonal hours for a given date into equinoctial hours 
by multiplying them by the length in time-degrees of the hour of the day in 
question at the relevant latitude (if they are hours of the day), or by the length in 
time-degrees of the hour of the night in question (if they are hours of the 
night). Then division of that product by 15 will give the total of equinoctial 
hours. Vice versa , one can convert equinoctial hours to seasonal by multiplying 
by 15 and dividing by the length of the hour of the relevant interval in time- 
degrees. 83 

Furthermore, given a date and any time whatever, expressed in seasonal 
hours, on that date, we can find, first, the degree of the ecliptic rising at that 
moment. We do this by multiplying the number of hours, counted from sunrise 
by day, and from sunset by night, by the relevant length of the [seasonal] hour 
HI44 in time-degrees. We add this product to the rising-time at the latitude in 
question of the sun’s degree by day (or the degree opposite the sun by night): the 
degree [of the ecliptic] with rising-time corresponding to the total will be rising 
at that moment. 84 

[Secondly], if we want to find the point at upper culmination [at the given 
moment], we take in every case [i.e. for both day and night] the total of seasonal 
hours from the last midday to the given time, multiply it by the appropriate 
length(s) of the hour(s) in time-degrees, and add the product to the rising-time 
at sphaera recta of the sun’s degree: the degree [of the ecliptic] with rising-time at 
sphaera recta equal to the total will be at upper culmination at that moment. 85 

Similarly, we can find the culminating point from the rising point as follows: 
find from the table of rising-times for the relevant latitude the cumulative 
rising-times corresponding to the degree which is rising. Subtract from it, in 
every case, the 90° of the quadrant [of the equator between horizon and 
meridian]. The degree corresponding to the result in the column for rising- 
times at sphaera recta will be at upper culmination at that moment. 86 Vice versa , 
one can find the rising point from the culminating point by taking the degree 
corresponding to the culminating point in the column for rising-times at sphaera 
HI45 recta , adding to it, in every case, the above 90°, and finding the degree 
corresponding to the result in the column for rising-times for the latitude in 
question: this degree will be rising at that moment. 

It is also obvious that for those living beneath the same meridian the sun is the 
same distance ffom noon or midnight, counted in equinoctial hours, while for 
those living beneath different meridians the sun’s distance from noon or 
midnight differs by an amount, counted in time-degrees, equal to the distance 
of one meridian from the other in degrees. 


83 See Appendix A, Example 3. 

84 This sentence, like the corresponding one in the next problem, is a paraphrase giving the sense 
of Ptolemy’s ambiguous expression. Literally ‘we count off this product towards the rear through 
the signs, beginning from the sun’s degree... by night, according to the rising-times ofthe latitude in 
question: we say that whatever degree this amount reaches is the degree rising at that moment’. See 
Appendix A, Example 4. 

85 See Appendix A, Example 5. 

86 See Appendix A, Example 6. 
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10. {On the angles between the ecliptic and the meridian}* 1 
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The remaining topic in the present theory is the discussion of angles formed at 
the ecliptic. We must first make clear that we define an angle between [two] 
great circles as follows: we say that [two] great circles form a right angle when a 
circle having as pole the intersection of the great circles and as radius any 
distance whatever has [exactly] a quadrant intercepted between the segments 
of the great circles forming the angle; in general, whatever ratio the intercepted 
arc of a circle described in the above manner bears to the whole circle is the 
same as the ratio of the angle between the planes [of the two great circles] to 4 
right angles. Thus, since we set the circumference of the circle as 360°, the angle 
subtending the intercepted arc will contain the same number of degrees as the 
arc, in the system where one right angle contains 90°. 

For the purposes of our present investigation, the most useful of the angles at 
the ecliptic are those formed by 

[1] the intersection of the ecliptic and the meridian, 

[2] the intersection of the ecliptic and the horizon for all positions [of the 
ecliptic], and. 

[3] the intersection of the ecliptic and a great circle drawn through the poles of 
the horizon [i.e. an altitude circle]; 

the process of finding the latter will also produce the arc of this [altitude] circle 
cut off between its intersection with the ecliptic and the pole of the horizon, i.e. 
the zenith. Computation of each of the above angles, besides being a most 
suitable topic for the theory proper, also plays a very important part in the 
requirements for lunar parallax: it is impossible to make any progress in that 
subject without having first understood how to compute these angles. 

Now there are four angles at the intersection of the two circles (I mean the 
ecliptic and any of the [above] circles meeting it). Since we shall [always] discuss 
only one of these, which always occupies the same relative position, we must 
make the following preliminary definition. In general, when we demonstrate in 
what follows the characteristics and size of an angle, we refer to that angle [of 
the four possible] which lies to the rear of the intersection of the circles and to the 
north of the ecliptic. 88 

The computation of the angles between the meridian and the ecliptic is 
simpler, so we shall start with that, and first we shall show that points on the 
ecliptic equidistant from the same equinox produce angles of the above kind 
equal to each other. 

[See Fig. 2.9.] Let ABG be an arc of the equator, DBE an arc of the ecliptic, 
and Z the pole of the equator. Cut off equal arcs, BH and B0, on opposite sides 
of the equinox B, and draw through pole Z and points H, 0 the meridian arcs 
ZKH and Z0L. I say that 

Z KHB = Z Z0E. [10.1] 

[Proof:] This is immediately obvious. For the spherical triangle BHK has all its 


87 On chapters 10 and 11 see HAMA 45-8, Pedersen 115-18. 

88 Literally ‘that one of the two angles on the arc to the rear of the intersection of the circles which 
is to the north of the ecliptic’. See HAMA 45 with Fig. 38. 
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II10. Angles between ecliptic and meridian: symmetries 



Fig. 2.9 


H149 


angles equal to the angles of spherical triangle B0L, since the three 
corresponding sides in each triangle are equal, HB to B0, HK to 0L, and BK to 
BL. All this has been proven previously. 89 

Therefore Z KHB = Z B0L = Z Z0E. 

Q.E.D. 

Secondly, we must prove that the sum of the angles between ecliptic and 
meridian at points on the ecliptic equidistant from the same solstice is equal to 
two right angles. 

[See Fig. 2.10.] Let ABG be an arc of the ecliptic, with B taken as solstice. Let 
equal arcs, BD and BE, be taken on opposite sides of it, and draw through Z, the 
pole of the equator, and points D, E the meridian arcs ZD and ZE. I say that 
Z ZDB + Z ZEG = 2 right angles [ 10.2] 

[Proof:] This too is immediately obvious. For since points D and E are 
equidistant from the same solstice, 

arc DZ = arc ZE. 

Z ZDB = Z ZEB. 


But Z ZEB + Z ZEG = 2 right angles. 

Z ZDB + Z ZEG = 2 right angles. 

Q-E.D. 

Having established these preliminary theorems, let us draw [Fig. 2.11] the 
meridian circle ABGD and the semi-circle of the ecliptic AEG (taking A as the 
winter solstice); then with pole A and radius the side of the [inscribed] square 
draw semi-circle BED. Then, since meridian ABGD goes through the poles of 
AEG and the poles of BED, arc ED is a quadrant. 90 


89 HB = B@ by construction; HK = ©L, declinations of points equidistant from an equinox (cf. p. 
80 n. 15); BK = BL, cf. II 7 (arc E© = arc EZ p 91). 

90 Derivable from Theodosius Sphaerica II 9. 
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Fig. 2.10 



Therefore Z DAE is right. 

And the angle at the summer solstice is also right, from the previous theorem 

[ 10 . 2 ]. 

a £ D ; 

Again* [see Fig. 2.12] let ABGD be a meridian circle, AEG a semi-circle of tffe H150 

equator, and AZG a semi-circle of the ecliptic in such a position that A is the 
autumnal equinox. Then with pole A and radius the side of the [inscribed] 
square draw semi-circle BZED. 
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By the same reasoning [as above], since ABGD goes through the poles of 
[circles] AEG and BED, AZ and ED are quadrants. Hence point Z is the winter- 
solstice, and 

arc ZE 253 23;51°, as was shown previously [I 12 p. 63]. 

Therefore, by addition, arc ZED = 113:51° 

and Z DAZ = 113;51 ° where one right angle = 90°. 
And again, from the previous theorem [10.2], the angle at the spring 
equinoctial point is the supplement, 66;9°. 

Again [see Fig. 2.13] let ABGD be a meridian circle, AEG a semi-circle of the 
equator, and BZD a semi-circle of the ecliptic in such a position that point Z is 



Fig. 2.13 
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II10 . Angles between ecliptic and meridian 

the autumnal equinox, and arc BZ is (first of all) the length of one sign, that of 
Virgo; thus point B, obviously, is the beginning of Virgo. Again, with pole B and 
radius the side of the [inscribed] square, draw semi-circle H0EK. 

Let the problem be to find Z KB0. 

Now since meridian ABGD goes through the poles of [circles] AEG and 
HEK, arc BH, arc B0 and arc EH are all quadrants. 

And, from the figure, 

Crd arc 2BA:Crd arc 2AH = 

(Crd arc 2BZ:Crd arc 20Z). (Crd arc 20E:Crd arc 2EH). [M.T. II] 

But, as was shown previously, 91 arc 2BA - 23;20°, so Crd arc 2BA = 24; 16 P , 
arc 2AH = 156;40°, so Crd arc 2AH = 117;31 p , 
and arc 2ZB = 60°, so Crd arc 2ZB ^ 60**, 

arc 2Z0 = 120°, so Crd arc 2Z0 = 103;55,23 p . 

Crd arc 20E:Crd arc 2EH = (24;16 : 117;31)/(60 : 103;55,23) 

«42;58 : 120. 

But Crd arc 2EH = \2(f. 

Crd arc 20E«42;58 P 
• • arc 20 E *=* 42° 
and arc0E~21°. 92 

Therefore, by addition [of a quadrant] arc 0EK = Z KB© = 111°, and the 
angle at the beginning of Scorpius is also 111°, and the angles at the beginning 
of Taurus and Pjsces are each 69°, the supplement, by the theorems proved 
above [10.1 and 10.2]. 

Q.E.D. 

Next, in the same figure [2.13], let arc ZB represent two signs, so that point B 
is the beginning of Leo. Then, with the [other] quantities remaining the same, 
arc 2BA = [25(60°)=] 41°, so Crd arc 2BA = 42;2 P 
and arc 2AH = 139°, so Crd arc 2AH = 112;24 p ; 
furthermore arc 2ZB = 120°, so Crd arc 2ZB = 103;55,23 p 
and arc 2Z0 = 60°, so Crd arc 2Z0 = 60 p . 

Crd arc 20E:Crd arc 2EH = (42;2 : 112;24)/(103;55.23 : 60) 

= 25;53 : 120. 

Crd arc 2©E = 25;53 p 
arc 20E«25° 
and arc 0E= 12:°. 93 

Therefore, by addition, arc 0EK = Z KB0 = 102l°. 

Therefore the angle at the beginning of Sagittarius is also 1023°, and the angle 
at both the beginning of Gemini and the beginning of Aquarius is the 
supplement, 77i°. 

We have [thus] calculated what we set out to do. It is sufficient for practical 
use to display [the results] for each sign, although the same procedure would 
apply to even smaller sections of the ecliptic. 


91 Reference to II 7 p. 93. The quantities are rounded here. 

92 Accurate computation would give 20;58° to the nearest minute. 

93 Accurate computation would give 12;28° to the nearest minute. 
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II11. Angles between ecliptic and horizon: symmetries 
11. {On the angles between the ecliptic 94 and the horizon } 


HI 55 


Next we shall show how to calculate, for any given latitude, the angles formed 
by the ecliptic at the horizon. These too can be derived by a procedure which is 
simpler than that for the remaining angles [between ecliptic and altitude 
circles]. 

Now it is obvious that the angles [between ecliptic and] meridian are the 
same as those [between ecliptic and] horizon at sphaera recta . But, in order to 
calculate these angles also at sphaera obliqua , we must first prove that points on 
the ecliptic equidistant from the same equinox produce equal angles at the same 
horizon. 

[See Fig. 2.14.] Let ABGD be a meridian circle, AEG the semi-circle of the 
equator and BED the semi-circle of the horizon. Draw two segments of the 
ecliptic, ZH0 and KLM, such that points Z and K both represent the 
autumnal equinox, and arc ZH equals arc KL. 



I say that Z EH0 = Z DLK. 

[Proof:] This is immediately obvious. 

For spherical triangle EZH= spherical triangle EKL, 
since, from what was proven above, the corresponding sides are equal: 

ZH = KL 

HE = EL ([arcs cut off by] the intersection of the 

horizon [with the ecliptic]) 
EZ = EK (rising-time arcs). 95 
Z EHZ = Z ELK 
Z EH0 = Z DLK (supplements). 

Q.E.D. 

' H 'ecliptic': literally ‘the same inclined circle’. 

^ZH = KL by hypothesis; HE = EL from II 3 (p. 79); EZ = EK from II 7 (p. 91). 
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I also say that, if two points [of the ecliptic] are diametrically opposite, the 
sum of the angles [between ecliptic and horizon] at the rising-point of one and 
the setting-point of the other is equal to two right angles. 

[Proof: see Fig. 2.15.] If we draw ABGD as the circle of the horizon, andAEGZ 
as the circle of the ecliptic, so that they intersect at A and G, then 



Z ZAD + Z DAE = 2 right angles. 

But Z ZAD = Z ZGD 
Z ZGD + Z DAE = 2 right angles. 

Q.E.D. 

Since this is so, and since we have also proven that angles at the same horizon 
formed by points [on the ecliptic] equidistant from the same equinox are equal, 
a further consequence will be that, for points equidistant from the same solstice, 
the sum of the rising-angle at one and the setting-angle at the other will be equal 
to two right angles. 96 

Hence, if we find the rising-angles from Aries to Libra [inclusive], we will 
simultaneously have found the rising-angles on the other semi-circle and the 
setting-angles on both semi-circles. We shall explain briefly how to do the 
calculation, again taking as example the same parallel, at which the elevation of 
the north pole from the horizon is 36°. 

As for the angles between ecliptic and horizon at the equinoctial points, they 
can be calculated simply. For if [see Fig. 2.16] we draw ABGD as the meridian 
circle, AED as the eastern semi-circle of the horizon in question, EZ as a 


HI 56 
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96 Proof: see Fig. E, in which the ecliptic EXT intersects the horizon SR in the setting-point S and 
the rising-point R. T is the solstice, E the equinox (hence ET = 90°) and the two points X and R are' 
the same distance, d, from T. Then EX = TE - TX = 90° - d. ES = RS - RE = 180° - (90° + d) 
= 90° - d. EX = ES. Therefore setting-angle at X equals setting-angle at S (p. 110). But the sum 
of the angles at the rising-point R and the setting-point S is 2 right angles (p. 111). Therefore the 
sum of the rising-angle at R and the setting-angle at X equals 2 right angles. 
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B 

Fig. 2.16 

quadrant of the equator, and EB and EG as two quadrants of the ecliptic such 
that point E is the autumnal equinox with respect to EB, and the spring equinox 
with respect to EG (thus B is the winter solstice and G the summer solstice), we 
can conclude as follows. 

Ex hypothesis arc DZ = 54° [colatitude of 36°] 
and arc BZ = arc ZG « 23;51°. 

•’* arc GD = 30;9° 
and arc BD = 77;51°. 
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II11. Angles between ecliptic and horizon 

Thus, since E is the pole of meridian ABG, 

Z DEG, the angle at the beginning of Aries, is 30,9° 1 where 1 right 
and Z DEB, the angle at the beginning of Libra, is 77;51°J angle = 90°. 

In order to explain the procedure for finding the angles at other points, let us 
take, for example, the problem of finding the rising-angle formed at the 
beginning of Taurus and the horizon. 

[See Fig. 2.17. ] Let ABGD be the circle of the meridian, and BED the eastern 
semi-circle of the horizon in question. Draw semi-circle AEG of the ecliptic, so HI 58 

that point E represents the beginning of Taurus. Now at this latitude, when the 
beginningofTaurus is rising, 22 17;41° is at lower culmination (we have shown 



Z 


Fig. 2.17 

how such a problem can readily be solved by means of the tabulated rising- 
times). 9 ' Therefore arc EG is less than a quadrant. So with pole E and radius the 
side of the [inscribed] square draw the great circle segment 0HZ, and complete 
the quadrants EGH and EDO. Both DGZ and ZH0 are also quadrants, 
because the horizon BE0 goes through the poles of meridian ZGD and of the 
great circle ZH0. Furthermore, 22 17;41° is 22;40° north of the equator, 
measured along the great circle through the poles of the equator (we have set out 
a table [I 15] for that too); and the equator is 36° from pole Z of the horizon, 
measured along the same arc, ZGD. Therefore arc ZG = 58;40°. These 
quantities being given, it then follows from the figure that 
Grd arc 2GD:Crd arc 2DZ = 

(Crd arc 2GE:Crd arc 2EH). (Crd arc 2H0:Crd arc 2Z0). [M.T. I] H159 

But, from the above, 

arc 2GD = 62;40°, so Crd arc 2GD = 62;24'\ 
arc 2DZ = 180°, so Crd arc 2DZ = \2(f , 

97 II 9 p. 104 (simply add 180° to the point of upper culmination, which is calculated for this 
example in HAMA, 42). 
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arc 2GE = 155;22°, so Grd arc 2GE = 117; 14 p , 
arc 2EH = 180°, so Crd arc 2EH = 120 p . 

Crd arc 2GH:Crd arc 2Z0 = (62;24 : 120)/(117;14 : 120) 

= 63;52 : 120. 

And Crd arc 20Z = \2(f. 

*. Crd arc 2H0 = 63;52 p 
arc 2H0 = 64;20° 
and arc H0 = Z HE0 = 32; 10°. 


Q.E.D. 

To avoid lengthening the explanatory part of this treatise by continual 
repetition of the procedure, we will take the same method for granted for the 
remaining signs and latitudes. 98 


HI 60 12. {On the angles and arcs formed with the same circle [i.e. the ecliptic ] by a 

circle drawn through the poles of the horizon}" 

It remains [to describe] the method by which we can compute the angles formed 
between the ecliptic and a circle through the poles of the horizon [i.e. an 
altitude circle] for any latitude and any position [of the ecliptic relative to the 
altitude circle]. As we said, this method also produces the size of the arc of the 
circle through the poles of the horizon cut oil' between the zenith and the 
intersection of that circle with the ecliptic. We shall again set out the 
preliminary theorems for this topic too: we shall prove, first, that if two points 
of the ecliptic are equidistant from the same solstice, and cut olf an equal 
number of time-degrees on either side of the meridian, one to the east and the 
other to the west, then the great circle arcs from the zenith to those two points 
are equal, and the sum of the [two] angles at those points, chosen according to 
our [previous] definition, 100 is equal to two right angles. 

[See Fig. 2.18.] Let ABG be a segment of the meridian, with point B on it 
taken as the zenith, and point G as the pole of the equator. Draw two segments 
HI 61 of the ecliptic, ADE and AZH, such that points D and Z are equidistant from 
the same solstice, and cut off, on either side of meridian ABG, equal arcs of the 
parallel circle which passes through them. Furthermore, draw through points 
D and Z the following great circle arcs: arc GD and arc GZ from the pole of the 
equator G, and arc BD and arc BZ from the zenith B. 

I say that 

arc BD = arc BZ 

and Z BDE + Z BZA = 2 right angles. 

[Proof:] Since points D and Z cut off equal arcs of the parallel circle through 
them on either side of meridian ABG, 

Z BGD = Z BGZ. 

98 The angles between ecliptic and horizon are not explicitly tabulated by Ptolemy, but can be 
derived from the angles between ecliptic and altitude circle at the rising-point tabulated in Table II 
13. See HAMA 47, which also tabulates them explicitly. 

"See HAMA 48-52, Pedersen 118-21 (with my correction, Toomer[3] 139). 

100 II 10 p. 105, with n.88. 
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Fig. 2.18 


Therefore, in the two spherical triangles BGD, BGZ 

GD = GZ [D, Z equidistant from solstice] 

BG = BG (common) 
and Z BGD = Z BGZ, 

so they have two sides and the included angle equal. 

BD = BZ (bases) 
and Z BZG = Z BDG. 

But since we showed just above that the sum of the two angles formed by a 
circle through the poles of the equator at points [of the ecliptic] equidistant from 
the same solstice is equal to two right angles [10.2], 

Z GDE + Z GZA = 2 right angles. 

But we proved that Z BDG = Z BZG. 

Z BDE + Z BZA = 2 right angles. 101 


Q.E.D. 

Next we must prove that if we take the same point of the ecliptic at two 
positions equidistant from the meridian (as measured in time-degrees) on 
opposite sides of it, the great-circle arcs from the zenith to these two positions 
are equal, and the sum of the two angles [between altitude circle and ecliptic] 
east and west [of the meridian] is equal to twice the angle formed by the same 
point [of the ecliptic] at the meridian, provided that for both positions [i.e. 
when the point is east and west of the meridian] the points [of the ecliptic] which 
are [then] culminating are either both north or both south of the zenith. 

Let us suppose, first, that both are south. [See Fig. 2.19.] Let ABGD be a 
segment of the meridian, with point G on it as the zenith, and D as the pole of 
the equator. Draw two segments of the ecliptic, AEZ and BH0, such that points 
E and H represent the same point, and cut off equal arcs of the parallel circle 
through that point on opposite sides of meridian ABGD. Again, draw through 
them [points E and H] the great-circle arcs GE and GH from G, and DE and 


H162 
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101 For Z BDE = Z GDE + Z BDG; Z BZA = Z GZA - Z BZG. So, by addition (since Z BDG = 
Z BZG), Z BDE + Z BZA = Z GDE + Z GZA = 2 right angles. 
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HI 64 


HI 65 



z 

Fig. 2.19 


DH from D. By the same reasoning as before, since points E and H generate the 
same parallel circle and cut off equal arcs of it on either side of the meridian, 
spherical triangle GDE= spherical triangle GDH. 

• • arc GE = arc GH. 

Then I sav that 

Z GEZ + Z GHB = 2 Z DEZ = 2 Z DHB. 

[Proof:] Since Z DEZ is the same as Z DHB [E and H the same point] 

and Z GED = Z DHG [from congruent spherical triangles], 
Z GED + Z GHB[= Z DHG + Z GHB = Z DHB] = Z DEZ. 
Therefore, bv addition Z GEZ + Z GHB = 2 Z DEZ = 2 Z DHB 

Q.E.D. 

Next, draw the same segments of the above circles again [Fig. 2.20], except 
that points A and B should be north of point G. I say that here too the same w ill 
applv, namely 

Z KEZ + Z LHB = 2 Z DEZ. 

[Proof] Since Z DEZ is the same as Z DHB. 

and Z DEK = Z DHL [supplements of equal angles DEG, DHG], 
by addition [ofZ DHB to Z DHL], Z LHB = Z DEZ + Z DEK. 

Z LHB + Z KEZ = 2 Z DEZ. 

Now again draw a similar figure [Fig. 2.21], except that the culminating 
point on the segment [of the ecliptic] east [of the meridian], namely A, should be 
south of the zenith G, while the culminating point on the segment west [of the 
meridian), namely B, should be north of the zenith. 
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1 say that 

Z GEZ + Z -LHB = 2 Z DEZ plus 2 right angles. 

[Proof:] Since 

Z DHG = Z DEG 

and Z DHG + Z DHL = 2 right angles, 

Z DEG + Z DHL = 2 right angles. 

But Z DEZ is the same as Z DHB. 

Z GEZ + Z LHB [ = (Z DEZ + Z DEG) + (Z DHB + Z DHL)] 

= (Z DEZ + Z DHB) + (Z DEG + Z DHL) 

= (Z DEZ + Z DHB) plus 2 right angles 
= 2 Z DEZ plus 2 right angles. 

Q.E.D. 

For the remaining case, draw a similar figure [Fig. 2.22], in which point A, 
HI 66 which is culminatingon the section east [of the meridian], is north of G, whileB, 
which is culminating on the section west [of the meridian], is south of [the 
zenith]. 



Fig. 2.22 


I say that 

Z KEZ + Z GHB = 2 Z DEZ minus 2 right angles. 

[Proof:] By the same reasoning as before 

Z KEZ + Z GHB = (Z DEZ + Z DHB) - (Z DEK + Z DHG) 

= 2 Z DEZ - (Z DEK + Z DHG). 

But Z DEK + Z DHG = 2 right angles, since 

Z DEK + Z DEG = 2 right angles, and Z DEG = Z DHG. 

Q.E.D. 
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Of the angles and arcs formed in the way defined between the ecliptic and an 
altitude circle, those at the meridian and the horizon can be computed readily, 
as can be shown immediately in the following way. 

Draw [Fig. 2.23] the meridian circle ABGD, the s,emi-circle of the horizon 
BED, and the semi-circle of the ecliptic in any position, ZEH. Then if we HI67 
imagine the altitude circle through the zenith A and the culminating point of 
the ecliptic Z, it coincides with the meridian ABGD, and Z DZE will 
immediately be given, since the point Z and the angle that [the ecliptic makes] 
with the meridian at point Z are given. 102 Arc AZ will also be given, since we 
know the distance in degrees of point Z from the equator (measured along the 
meridian), and the distance of the equator from the zenith A. 103 



Fig. 2.23 

Next, if we imagine the altitude circle AEG, drawn through the rising-point 
of the ecliptic, E, and [the zenith] A, here too it is immediately obvious that arc 
AE is always a quadrant, since point A is the pole of the horizon BED. For the 
same reason, Z AED is always right; and since the angle which the ecliptk 
makes with the horizon, namely Z DEH, is given, 104 the sum, angle AEH, will 
also be given. 

Q.E.D. 

Thus it is clear that, since the above relationships hold, if we compute, for H168 
each latitude, just the angles and arcs before [i.e. to the east ol] the meridian, 
and just for the signs from the beginning of Cancer to the beginning of 
Capricorn, we will simultaneously have found the angles and arcs for the same 

102 Bv II 10 (p. 109). 

"”5 and <p respectively, so arc AZ = <p - 8. 

1M Bv II 11 (pp. 113-14). . 
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signs [Cancer to Capricorn] after the meridian too, and also the angles and arcs 
both before and after the meridian for the remaining signs. But in order to make 
clear the procedure in this case too for any position [of the ecliptic], as an 
example we shall display the general method by means of a single solution of the 
problem. 105 At the same latitude, namely where the elevation of the north pole 
from the horizon is 36°, we suppose that the beginning of Cancer is, e.g., one 
equinoctial hour to the east of the meridian. In this situation, at the above 
latitude, II 16; 12° is culminating, and vc% 17,37° is rising. 

Then let [Fig. 2.24] ABGD be the meridian circle, BED the semi-circle of the 
horizon, and ZH0 the semi-circle of the ecliptic in such a position that point H 
H169 is the beginning of Cancer, while Z represents El 16;12° and0 tTg 17;37°. Draw 
through A, the zenith, and H, the beginning of Cancer, segment AHEG of the 
[altitude] great circle. Let the first problem be to find arc AH. 

fl 



G 

Fig. 2.24 


Now it is dear that arc Z0 = 91;25° [115 17;37° - Et 16; 12°] 
and arc H© = 77;37° [tic 17;37° - 2 = 0°]. 

Similarly, since II 16;12° cut ofT23;7° of the meridian to the north of the 
equator, and the equator cuts off 36° [of the meridian] from the zenith A, 
arc AZ = 12;53° 

and arc ZB = 77;7° (complement). 

When these quantities are given, from the figure 
Crd arc 2ZB:Crd arc 2BA = 

(Crd arc 2Z0:Crd arc 20H). (Crd arc 2HE:Crd arc 2EA). [M.T. I] 

But arc 2ZB = 154; 14°, so Crd arc 2ZB = 116;59 p 
HI70 and arc 2BA = 180°, so Crd arc 2BA = 120 p . 


105 This exampJe is worked through HAMA 49-50. 
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II12. Computation of angle y 

Furthermore arc 2Z@ = 182;50°, so Crd arc 2Z@ = 119;58 p 
and arc 20H = 155;14°, so Crd arc 20H = 117;12 p . 

A Crd arc 2EH: Crd arc 2EA = (116;59 : 120)/(119;58 : 117;12) 

~ 114 ; 16 : 120 . 

But Crd arc 2EA = \2(f 
A Crd arc 2EH = 114;16 p 
A arc 2EH~ 144;26° 
and arc EH = 72; 13°. 

A arc AH = 17;47° (complement). 

Q.E.D. 

Next we shall find Z AH0, as follows. 

Draw the same figure [Fig. 2.25], and with pole H and radius the side of the 
[inscribed] square draw the great circle segment KLM.' 

Then, since circle AHE is drawn through the poles of E0M and KLM, both 
EM and KM are quadrants. Again, from the figure ’ HI71 



G 


Fig. 2.25 

Crd arc 2HE:Crd arc 2EK = 

(Crd arc 2H0:Crd arc 20L). (Crd arc 2LM:Crd arc 2KM). [M.T. II] 
But arc 2HE = 144;26° [above], so Crd arc 2HE = 114;16 p 
and arc 2EK = 35;34°, so Crd arc 2EK = 36;38 p . 
Furthermore arc 2©H = I55;14°, so Crd arc 20H = 117;I2 P 
and arc 20L = 24;46°, so Crd arc 20L = 25;44 p . 

••• Crd arc 2LM:Crd arc 2MK = (114;16 : 36;38)/(l 17;12 : 25;44) 

555 82; 11 : 120. 

But Crd arc 2MK = 

Crd arc 2LM = 82;ll p 


i 
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II12. Description of table of zenith distances 

:• arc 2LM = 86;28° 
and arc LM = 43; 14°. 
arc LK = Z LHK = 46;46° (complement). 

Z AH0 = 133; 14° (supplement). 

Q.E.D. 

HI72 The same method as was used for finding the above also applies to the 
remaining [arcs and angles]. But in order to have conveniently displayed all the 
other arcs and angles which it is reasonable to suppose we may need in our 
particular investigations, we computed these too geometrically, beginning from 
the parallel through Meroe, at which the longest day is 13 equinoctial hours, 
and going up to the parallel above Pontus [the Black Sea], through the mouths 
of the Borysthenes, where the longest day is 16 equinoctial hours. 106 The 
intervals which we used were half an hour [oflength oflongest day] between 
parallels of latitude (as for the rising-times), one sign for the sections of the 
ecliptic, and one equinoctial hour for the position [of the altitude circles] to east 
and west of the meridian. We shall display the results in tabular form, one set of 
tables for each parallel of latitude, and one table for each sign. In the first 
column we put. first, the meridian situation, then the distance before or after 
the meridian, measured in equinoctial hours. In the second column we put the 
amount of the corresponding arc (as explained above) from the zenith to the 
beginning of the sign in question. In the third and fourth columns we put the 
HI73 amount of the angles formed by the above-mentioned intersection [between 
ecliptic and altitude circle], defined in the way we explained: the angles at 
positions to the east of the meridian in the third column, and those at positions 
to the west of the meridian in the fourth column. One must bear in mind that, 
according to our original definition, 10 ' we always took the angle which lies to 
the rear of the intersection of the circles and to the north of the ecliptic, and 
expressed its magnitude in the system in which one right angle is 90 [degrees]. 

The layout of the tables is as follows. 


HI 74—87 13. {Layout of angles and arcs , parallel by parallel} 108 

[See pp. 123-9.] 


HI88 Now that the treatment of the angles [between ecliptic and principal circles] 
has been methodically discussed, the only remaining topic in the foundations 
[of the rest of the treatise] is to determine the coordinates in latitude and 
longitude of the cities in each province which deserve note, in order to calculate 

106 The seven parallels selected here are in fact the canonical ‘7 climata’, for which see 
Introduction p. 19. 

107 II 10 p. 105 with n.88. 

108 The table for Clima I (Meroe) has a peculiarity. Since, alone of the parallels tabulated, its 
latitude is less than e, it is possible for the point of the ecliptic which is culminating to fall north of 
the zenith. When this occurs at a tabulated position, the corresponding eastern or western angle is 
marked ‘N’ (for ‘north’). This is a modification of the system in the mss., where BO (forpopeto^) is 
written above the first value in each column where the ecliptic is north of the zenith, and NO (for 
voxux;) above the value where it changes back to south. Since Ptolemy makes no mention of this 
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II13. Table of zenith distances and ecliptic angles 
PARALLEL THROUGH MEROE 13 h 16;27° 










































124 


II13. Table of zenith distances and ecliptic angles 
PARALLEL THROUGH SOENE 13}" 23;51° 



























































II13. Table of zenith distances and ecliptic angles 125 

PARALLEL THROUGH LOWER EGYPT 14 h 30;22° 
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II13. Table of zenith distances and ecliptic angles 127 

PARALLEL THROUGH THE HELLESPONT 15 h 40;56° 
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II13. Table of zenith distances and ecliptic angles 
PARALLEL THROUGH THE MIDDLE OF PONTUS 15f 45;]° 
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II13. Geographical coordinates 

the [astronomical] phenomena for those cities. However, the discussion of this 
subject belongs to a separate, geographical treatise, so we shall expose it to view 
by itself [in such a treatise], in which we shall use the accounts of those who have 
elal>orated this field to the extent which is possible. We shall [there] list for each 
of the cities its distance in degrees from the equator, measured along its 
meridian, and the distance in degrees of that meridian from the meridian 
through Alexandria, to the east or west, measured along the equator (for that 
[Alexandria] is the meridian lor which we establish the times of the positions [of 
the heavenly bodies]). 109 

For the time being we take the locations [of the cities] lor granted, and 
[therefore] think it appropriate to add no more than the following. Whenever 
we arc given the time at some standard place, and we undertake to determine 
what the corresponding time is at another place, then, if they lie on dilferent 
meridians, vve have to take the distance between the two places in degrees, 
H189 measured along the equator, and determine which of them is to the east or west, 
and then increase or decrease the time at the standard place by the same 
number of time-degrees, to get the corresponding time at the required place. 
We increase if the required place is the further east, and decrease if the standard 
[place is the further east]. 110 


notation, it may lx* a later addition, but it is a useful one. since it allects the sign of the parallax tsee V 
19 p. 266^. It is easy to verify that Ptolemy's rules on pp. 115-18 hold good according as \ is 
appended to the eastern angle. the western angle, or both. 

Beeause of the symmetries demonstrated in II 12 (see also HAMA 51) we have a means of 
cheeking most of the entries in these tables. The only entries which cannot l>e thus checked are the 
zenith distances lor the signs of Cancer and Capricorn. This shows that there are very lew scribal 
errors in Heiberg's.text here. However, recomputation of the data using modem formulas reveals 
considerable inaccuracies in Ptolemy's values. The zenith distances are generally correct to within 
2', although occasional errors of up to 10' occur; but the angles regularly show errors of 10'. and 
occasionally as much as 1° (e.g. Parallel through Middle Pontus. Gemini. 1 hour from noon, eastern 
angle: text 99;49°; computed 100;54°). 

Corrections to Heiberg’s text: 

Clima I, 1 I0\ 2 h (HI75.7) p0 vrj (49:58): p0 pq, with BCDL (computed: 49:49). 

Clima IV, <P, T (H18I.7) p p<( (100:47), Xa Xa (31;3l): p pa, Xa X£ with Ar. Cf. supplementary 
angles at Libra: 148;23, 79; 19. Corrected by Manitius. 

Clima V, 8,2* (HI 83,17) XfJ (32): XpX.Cf. supplementary angle lor Virgo: I67;30. This is simply a 
misprint, corrected by Manitius. 

Clima VII. m., 2** (HI86,17) pXp i (132:10). tt0 v (89;50): pX{5 tg, ji 0 p5, as Ger. Cf. supple¬ 
mentary angles at Pisces: 90:16, 47;44. Manitius noticed the discrepancy, but changed the Pisces 
entries. My correction is closer to the accurately computed values (132; 15°, 89;39°). Most of the 
Arabic tradition agrees with Heiberg here; L has 47;50 at Pisces, 2\ west angle. 

109 This promise is fulfilled in Ptolemy’s Geography. However, by the time he came to write that, he 
decided to give distances in longitude, not from the meridian through Alexandria, but from one at 
the extreme west of the known world (through the Fortunate Isles), so that all longitudes could be 
counted in the same direction. A remnant of the original plan survives in Geography VIII, which 
includes a summary of time differences from Alexandria to east or west. 

110 Excising 5oaptKcaT£po<; at H189,6. Heiberg’s text would mean ‘and decrease if the standard 
place is the further west’, which is the opposite of what is required. Manitius’ excision of 6 
\)7tOKeipevog produces a good sense (‘if the required place is the further west’), and the same sense is 
found in part of the Arabic tradition (L, Ger, P, but not T, Q). But the word order favours my 
correction. 




Book III 


[Preface ] 1 

In the preceding part of our treatise we have dealt with those aspects of heaven 
and earth which required, in outline, a preliminary mathematical discussion; HI91 
also the inclination of the sun’s path through the ecliptic, and the resultant 
particular phenomena, both at sphaera recta and at sphaera obliqua for every 
inhabited region. We think that we should [now] discuss, as the subject which 
appropriately follows the above, the theory of the sun and moon, and go 
through the phenomena which are a consequence of their motions. For none of 
the phenomena associated with the [other] heavenly bodies can be completely 
investigated without the previous treatment of these [two]. Furthermore, we 
find that the subject of the sun’s motion must take first place amongst these [sun 
and moon], since without that it would, again, be impossible to give a complete 
discussion of the moon's theory from start to finish. 


1. [On the length of the year} 2 

The very first of the theorems concerning the sun is the determination of the 
length of the year. The ancients were in disagreement and confusion in their 
pronouncements on this topic, as can be seen from their treatises, especially 
those of Hipparchus, who was both industrious and a lover of truth. The main 
cause of the confusion on this topic which even he displayed is the fact that, when 
one examines the apparent returns [of the sun] to [the same] equinox or solstice, 
one finds that the length of the year exceeds 365 days by less than i-day, but when H192 
one examines its return to [one of] the fixed stars it is greater [than 365i days]. 

Hence Hipparchus comes to the idea that the sphere of the fixed stars too has a 
very slow motion, which, just like that of the planets, is towards the rear with 
respect to the revolution producing the first [daily] motion, which is that of a 
[great] circle drawn through the poles of both equator and ecliptic. 3 

As for us, we shall show this is indeed the case, and how it takes place, in 
our discussion of the fixed stars 4 (the theory of the fixed stars, too, cannot be 

1 D and part of the Arabic tradition (L, P, but not Q, T) begin chapter 1 at this point. On such - 
variations, and the conclusion to be drawn, see Introduction p. 5. 

2 See HAMA 54-5, Pedersen 128-34. 

J This characterisation of the daily motion by means of the rotation of a great circle through the 
poles of equator and ecliptic refers back to I 8 p. 47. 

4 VII 2-3. 
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III 1. Definition of ‘year 9 

thoroughly investigated without previously establishing the theory of the sun 
and moon). However, for the purposes of the present investigation, it is our 
judgment that the only reference point we must consider when examining the 
length of the solar year is the return of the sun to itself, that is [the period in 
which it traverses] the circle of the ecliptic defined by its own motion. We must 
define the length of the year as the time the sun takes to travel from some fixed 
point on this circle back again to the same point. The only points which we can 
consider proper starting-points for the sun’s revolution are those defined by the 
equinoxes and solstices on that circle. For if we consider the subject from a 
mathematical viewpoint, we will find ho more appropriate way to define a 
Hi93 ‘revolution’ than that which returns the sun to the same relative position, both 

in place and in time, whether one relates it to the [local] horizon, to the 
meridian, or to the length of the day and night; and the only starting-points on 
the ecliptic which we can find are those which happen to be defined by the 
equinoxes and solstices. And if, instead, we consider what is appropriate from a 
physical point of view, we will not find anything which could more reasonably 
be considered a ‘revolution’ than that which returns the sun to a similar 
atmospheric condition and the same season; and the only starting-points one 
could find [for this revolution] are those which are the principal means of 
marking oil the seasons from one another [i.e. solsticial and equinoctial points]. 
One might add that it seems unnatural to define the sun’s revolution by its 
return to [one of) the fixed stars, especially since the sphere of the fixed stars is 
observed to have a regular motion of its own towards the rear with respect to the 
[daily] motion of the heavens. For, this being the case, it would be equally 
appropriate to say that the length of the solar year is the time it takes the sun to 
go from one conjunction with Saturn, let us say, (or any other of the planets) to 
the next. In this way many different ‘years’ could be generated. For the above 
reasons we think it appropriate to define the solar year as the time from one 
HI 94 equinox or solstice to the next of the same kind, as determined by observations 
taken at the greatest possible interval. 

Now since Hipparchus is somew hat disturbed by the suspicion, derived from 
a series of observations which he made in close succession, that this same 
revolution [of the sun] is not of constant length, we shall try to show succinctly 
that there is nothing to be disturbed about here. We became convinced that 
these intervals [from solstice to solstice etc.] do not vary, from the successive 
solstices and equinoxes which we ourselves have observed by means of our 
instruments. For we find that [the times of the observed solstices etc.] do not 
differ by a significant amount from those derivable from the [365$-day [year] 5 
(sometimes they differ by an amount roughly corresponding to the error which 
is explicable by the construction and positioning of the intruments). But we also 
guess from Hipparchus’ own calculations that his suspicion concerning the 
irregularity [in the length of the tropical year] is an error due mainly to the 
observations he used. 

For, in his treatise ‘On the displacement of the solsticial and equinoctial 
points’, he first sets out those summer and winter solstices which he considers to 


’Literally 'from the surplus due to the l-day\ 
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have been observed accurately, in succession, and himself admits that these do 
not display enough discrepancies to allow one to use them to assert the existence 
of any irregularity 6 in the length of the year. He comments on them as follows: 

‘Now from the above observations it is clear that the differences in the year- 
length are very small indeed. However, in the case of the solstices, I have to HI95 
admit that both I and Archimedes may have committed errors of up to a 
quarter of a day in our observations and calculations [of the time]. But the 
irregularity in the length of the year can be accurately perceived from the 
[equinoxes] observed on the bronze ring situated in the place at Alexandria 
called the “Square Stoa”. This is supposed to indicate the equinox on the day 
when the direction from which its concave surface is illuminated changes from 
one side to the other’. 7 

Then he sets out, first, the times of autumnal equinoxes'which he considers to 
have been very accurately observed: 

[1] In the seventeenth year of the Third Kallippic Cycle, Mesore30[-161 Sept. 

27], about sunset. 

[2] 3 years later, in the twentieth year, on the first epagomenal day [-158 Sept. 

27], at dawn. This should have been at noon, so there is a i-dav discrepancy. 

[3] 1 year later, in the twenty-first year, [on the first epagomenal day, -157 
Sept. 27], at the sixth hour. This was in agreement with the preceding 
observation. 8 

[4] 11 years later, in the thirty-second year, at the midnight between the third 
and fourth epagomenal days [-146 Sept. 26/27]. This should have been at 
dawn, so again there is a i-dav discrepancy. 

[5] 1 year later, in the thirty-third year, on the fourth epagomenal day [-145 HI96 
Sept. 27], at dawn. This was in agreement with the previous observation. 

[6] 3 years later, in the thirty-sixth year, on the fourth epagomenal day [-142 
Sept. 26], in the evening. This should have been at midnight, so again there is 
only a i-day discrepancy. 

Next he sets out the spring equinoxes which have been observed with a 
similar accuracy: 


6 Manitius claims that the reading dviaoTqTti nva for dviooTqxa at H194,21 is absolutely 
necessary’. It is Halma’s text, adopted from the editio princeps. However, it is not found in any oftfie 
principal mss., and Heiberg’s text as it stands can mean the same thing. 

7 For a diagram of this ‘equatorial armillary’ see Price, ‘Precision Instruments’ Fig. 343C on p. 
589. It is simply a ring permanently fixed in the plane of the equator. From Ptolemy (p. 134) we 
learn that there were two such rings at Alexandria in his time, in the Palaestra. Whether either was 
identical with the one mentioned by Hipparchus cannot be discussed here. For what little is known 
about the ‘Square Stoa’ and the Palaestra (presumably in the great gymnasium mentioned in Strabo 
17.1.10) see Fraser[l] II 98 n.222 and 223, I 28-9, and Fraser[2] 144-5. 

8 While there is general agreement that all the other equinox observations reported from 
Hipparchus were made by him in person, there is considerable dispute whether these three were 
observed by him or merely used by him. They are separated by an interval of 11 years from the next^ 
attested observation, which also falls into the period for which other types of observation by 
Hipparchus are recorded (the lunar eclipse of-145 Apr. 21, p. 135). My own view is that this group 
of three early observations was not made by Hipparchus himself, but was simply adduced by him 
for comparison. 
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III 1. Hipparchus' spring equinox observations 

[1] In the thirty-second year of the Third Kallippic Cycle, Mechir 27 [-145 
Mar. 24], at dawn. Furthermore, he says, the ring at Alexandria was 
illuminated equally from both sides at about the fifth hour. 9 Thus we can 
already see two different observations of the same equinox with a discrepancy 
of approximately 5 hours. 

[2 to 6] He says that the subsequent observations up to the thirty-seventh year 
[-144 to-140] were all in agreement with the times derivable from the [365]i- 
day [year]. 

[7] 11 years later [than 1], in the forty-third year, he says, the spring 
equinox occurred after midnight Mechir 29/30 [-134 Mar. 23/24], This was 
in agreement 10 with the observation [1] in the thirty-second year, and, he 
says, again agrees with the observations [3 to 13, -133 to -128] in the 
subsequent years up to the fiftieth year [14]. This took place on Phamenoth 
1 [-127 Mar. 23], about sunset. This is approximately li days later [in the 
Egyptian year] than the [equinox] in the forty-third year. This also fits the 
7-year interval. 

HI97 Thus in these observations too there is no discrepancy worth noticing, even 
though it is possible for an error of up to a quarter of a day to occur not only in 
observations of solstices, but even in equinox observat ions. For suppose that the 
instrument, due to its positioning or graduation, is out of true by as little as 
jifesth of the circle through the poles of the equator: then, to correct an error of 
that size in declination, the sun, [when it is] near the intersection [of the ecliptic] 
with the equator, has to move \° in longitude on the ecliptic. Thus the 
discrepancy comes to about i of a day . 11 The error could be even greater in the 
case of an instrument which, instead of being set up for the specific occasion and 
positioned accurately at the time of the actual observation, has been fixed once 
for all on a base intended to preserve it in the same position for a long period: 
[the error occurs when] the instrument is alfected by a [gradual] displacement 
which is unnoticed because of the length of time over which it takes place. One 
can see this in the case of the bronze rings in our Palaestra, which are supposed 
to be fixed in the plane of the equator. When we observe with them, the 
distortion in their positioning is apparent, especially that of the larger and older 
of the two, to such an extent that sometimes the direction of illumination of the 
concave surface in them shifts from one side to the other twice on the same 
equinoctial day. 12 

9 This statement has occasionally been used (most recently by Fraser(l] I 423) as evidence that 
Hipparchus observed in Alexandria. On the contrary, Ptolemy’s expression makes it clear that this 
Alexandrian observation was different (and discrepant) from Hipparchus’ own. Whenever the 
place of an observation by Hipparchus is known, it is Rhodes (except for his weather prognostica¬ 
tions reported in Ptolemy’s Phaseis , for which the place was Bithynia, presumably Hipparchus’ 
native Nicaea). 

10 Reading atcoXoudov at HI96,15 for the misprint dKoXouoOov. 

11 Ptolemy says that an observational error of 6' in declination corresponds, near equinox, to an 
ecliptic motion ofi° or (since the sun moves about 1 ° per day in the ecliptic) to an error ofl day in the 
time of observation. This is easily verified by linear interpolation in the declination table 115, where 
the declination for 1° is 0;24,16°. 

12 For the ring see p. 133 n.7. If the instrument was correctly set up, at the moment of equinox the 
direction of illumination would shift from below the shadowing part to above it in spring (and vice 
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III 1. Why Hipparchus suspected length of year to vary 

However, Hipparchus himself does not think that there is anything in the 
above observations which provides convincing support for his suspicion that 
there is an irregularity in the length of the year. Instead he makes computations 
on the basis of certain lunar eclipses, and declares that he finds that the 
variation in the length of the year, with respect to the mean value, is no more 
than S of a day. This would be sufficiently great to take some account of, if it 
were indeed so; but it can be seen to be false from the very considerations which 
he adduces [to support it]. For he uses certain lunar eclipses which were 
observed to take place near [specific] fixed stars to compare the distance of the 
star called Spica in advance of the autumnal equinox at each [eclipse]. By this 
means he thinks he finds, on one occasion, a distance of6?°, the maximum in his 
time, and on another a distance of 5i° the minimum [in his time]. Thence he 
concludes that, since it is impossible for Spica [itself] to move so much in such a 
short time, it is plausible to suppose that the sun, which Hipparchus uses to 
determine the positions of the fixed stars, does not have a constant period of 
revolution. But this kind of computation cannot be made w ithout using the 
sun’s position at the eclipse as a basis. Thus, though he does not realise it, at each 
eclipse he is applying for this purpose [determination of the sun’s position] the 
accurate observations of solstices and equinoxes which he himself has made 13 in 
these same years. By the very act of doing this he show s that, when one compares 
the length of those years, there is no discrepancy from the [365]i-day interval. 

To take a single example: from the eclipse observation in the thirty-second 
year of the Third Kallippic Cycle which he adduces, he clairhs to find that Spica 
is 6?° in advance oi the autumnal equinox, whereas from the eclipse observation 
in the forty-third year of that cycle he claims to find that it is5i° in advance. 14 
Likewise, 15 in order to carry out the computations for the above, he adduces the 
spring equinoxes which he had accurately observed in those years. This was in 
order that from the latter he could find the position of the sun at the middle of 
each eclipse, from these the positions of the moon, and from the positions of the 
moon those of the stars. He says that the spring equinox in the thirty-second year 
took place on Mechir27 [-145 March 24] at dawn, and the one in the forty-third 
year on [Mechir] 29/30 [-134 March 23/24] after midnight, later [in the 
Egy ptian year] than that in the thirty-second by approximately 2 i days, which 
is the same amount as is produced by the addition of precisely i-day in each of 


versa in autumn). Manitius (1427 n.21) explains the phenomenon reported here by Ptolemy as due 
to the effect of refraction on a correctly placed ring. His argument is dismissed by Rome[5] 1230-5 
and [I] II p. 818 n., on the grounds that the true one of the two ‘equinoxes* could easily be 
determined by the direction of shift. This does not of course invalidate Manitius’ explanation. The 
only good detailed discussion is Britton[l] 29-42, correcting both Manitius and Rome, and 
concluding (p. 34) that multiple “equinoxes” on a well-aligned ring would be normal. 

13 Reading wp’ fcairrou (with D, Ar) at H 198,24 for&p’ feautou (‘which were made in his time’). 

14 The eclipses in question are those of-145 Apr. 21 and -134 Mar. 21 (misprinted March 31 in 
Pedersen Appendix A, 414). We have no further data on Hipparchus’ observations of these eclipses. 
For a detailed discussion of the procedures involved see Rome{5] II. From VII 2 (p. 327) it seems 
that Hipparchus eventually settled on a compromise figure of 6° from the autumnal equinox in his 
own time. 

15 Meaning ‘as in the other similar calculations’. D’s reading is 6'pax;, ‘however’, which makes 
good sense, but is not supported by the Arabic tradition. 
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III 1. Baselessness of Hipparchus' suspicion 

the intervening 11 years. Since, then, the sun has been shown to complete its 
revolution (as measured with respect to those equinoxes) in a time neither greater 
nor less than the [365]i-day interval, and since it is impossible for Spica to move 
H200 1 4 0 in such a small number of years, surely it is perverse to use calculations based 

on the above foundations to impugn the very foundations on which they were 
based. It is perverse to ascribe the reason for such an impossibly large motion of 
Spica solely to the equinoxes on which the calculations are based (which entails 
the simultaneous assumptions, both that they are accurately observed, and that 
they have been inaccurately observed), when there are several possible causes 
for so great an error. It is more plausible to suppose, either that the distances of 
the moon from the nearest stars at the eclipses have been too crudely estimated, 
or that there has been an error or inaccuracy in the determinations of the 
moon’s parallax with respect to its apparent position, or of the motion of the sun 
from the equinox to the time of mid-eclipse. 

However, it is my opinion that Hipparchus himself realised that this kind of 
argumentation provides no persuasive evidence for the attribution of a second 
anomaly to the sun, but his love of truth led him not to suppress anything 
which might in any way lead some people to suspect [such an anomaly]. At any 
rate, he himself, in his theories of the sun and moon, assumes that the sun has a 
single and invariable anomaly, the period of which is the length of the year as 
H201 defined by [return to] solstices and equinoxes. Furthermore, when we assume 
that the period of these revolutions of the sun is constant, we see that there is 
never any significant dilference between the phenomena observed at eclipses 
and those calculated on the above assumption. Vet there would he a very 
perceptible difference if there were some correction due to a variation in the 
length of the year which we failed to take into account, even if that correction 
were as little as a single degree, which corresponds to approximately two 
equinoctial hours. lb 

From all the above considerations, and from our own determination of the 
period of the [solar] revolution, by means of a series of observations of the sun’s 
position, we conclude that the length of the year is constant, provided that it is 
always defined with respect to the same criterion, and not with respect to the 
solsticial and equinoctial points at one time and to the fixed stars at another. We 
also conclude that the most natural definition of the revolution is that in which 
the sun, starting from one solstice or equinox or any point on the ecliptic, 
returns to the same point again. And in general, we consider it a good principle 
to explain the phenomena by the simplest hypotheses possible, in so far as there 
is nothing in the observations to provide a significant objection to such a 
procedure . 17 

Now it was already clear to us from Hipparchus’ demonstrations that the 
length of the year, defined with respect to the solstices and equinoxes, is less than 
H202 i-day in excess of365 days. The amount by which it falls short [ofi-day] cannot 


16 The t i me of an eclipse depends on the speeds of sun and moon. Assuming, with Ptolemy, round 
figures of l wd for the sun’s motion and 13°^“ for the moon’s, we get a relative motion of lST**, orf° 
per hour. Thus a shift of 1° in the position of the sun at an eclipse leads to a shift of2 hours in the time. 

17 This general principle of the desirability of simplicity in the hypotheses is repeated, but 
modified, at XIII 2 p. 600. Cf. also III 4 p. 153. 
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be determined with absolute certainty, since the difference is so small that for 
many years in succession the increment [over 363 days] remains sensibly the 
same as a constant i-day increment. Hence it is possible, when comparing 
observations taken over quite a long period, that the surplus days [over 365], 
which have to be obtained by distributing [the total surplus] over the years of 
the interval [between the observations], may appear to be the same whether one 
takes [observations over] a greater or lesser number of years. However, the 
longer the time between the observations compared, the greater the accuracy of 
the determination of the period of revolution. This rule holds good not only in 
this case, but for all periodic revolutions. For the error due to the inaccuracy 
inherent in even carefully performed observations is, to the senses of the 
observer, small and approximately the same at any [two] observations, whether 
these are taken at a large or a small interval. However, this same error, when 
distributed over a smaller number of years, makes the inaccuracy in the yearly 
motion [comparatively] greater (and [hence increases] the error accumulated 
over a longer period of time), but when distributed over a larger number of 
years makes the inaccuracy [comparatively] less. Hence we must consider it 
sufficient if we endeavour to take into account only that increase in the accuracy 
of our hypotheses concerning periodic motions which can be derived from the 
length of time between us and those observations we have which are both 
ancient and accurate. We must not, if we can avoid it, neglect the proper 
examination [of such records]; but as for assertions of validity Tor eternity', or 
even for a length of time which is many times that over which the observations 
have been taken, we must consider such as alien to a love of science and truth. 18 

Now, as far as concerns antiquity [of the observations], the summer solstices 
observed by the school of Melon and Euktemon, and, later, the school of 
Aristarchus, deserve to be compared with those of our own time. 19 However, 
since observations of solstices are, in general, hard to determine accurately, and 
since, furthermore, the observations handed down by the above-mentioned 
people were conducted rather crudely (as Hipparchus too seems to think), we 
abandoned those, and have used instead, for the comparison we propose, 
equinox observations, choosing amongst them, for the sake of accuracy, those 
which Hipparchus especially noted as very securely determined by him, and 
those which we ourselves have made with the greatest accuracy using the 
instruments for such purposes described at the beginning of our treatise [I 12]. 
For these we find that the solstices and equinoxes occur earlier than [one would 
expect from a year of 365]i days by one day in approximately 300 years. 

For Hipparchus noted that in the thirty-second year of the Third Kallippic 


18 This remarkably sensible attitude towards the validity of mean motions derived from 
observations was not imitated by most of Ptolemy’s successors throughout antiquity and the middle 
ages. The contemptuous remark about ‘eternity’ may be a glance at the auovtoi Kavovtq 
mentioned at IX 2 p. 422 (see n.12 there). 

19 The only solstices known to have been observed by these men are that of-431 June 27, ascribed 
below (p. 138) to ‘the school of Meton and Euktemon’, and that of-279 (no further details known) 
ascribed below (p. 138) to ‘the school of Aristarchus’. The latter is Aristarchus of Samos, now 
famous mainly for his ‘heliocentric hypothesis’. See Heath, Aristarchus. On Meton see Toomer[7]. 
By ‘the school of. . .’ I translate o'l 7t£pi . . . The precise way to interpret the phrase here and 
elsewhere in the Almagest remains obscure. 
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138 III 1. Ptolemy's equinox and solstice observations 

Cycle he had made a very accurate observation of the autumnal equinox, and 
says that he calculated that it occurred at midnight, third-fourth epagomenal 
day [-146 Sept. 26/27]. The year is the 178th from the death of Alexander . 20 
285 years later, in the third year of Antoninus, which is the 463rd from the death 
of Alexander, we observed, again very securely, that the autumnal equinox 
occurred on Athyr 9 [139 Sept. 26], approximately one hour after sunrise . 21 
Therefore the period of return comprised, over 285 complete Egyptian years 
(that is years of 365 days), 70? days plus approximately 55 th of a day, instead of 
the 71 i days corresponding to the i-day surplus for the above [285] years. Thus 
the return took place earlier than it would have with the [365]i-day year by one 
day less about 25 th day. 

Similarly, Hipparchus says that the spring equinox in the same thirty-second 
year of the Third Kallippic Cycle, which he observed most accurately, took 
place on Mechir 27 [-145 Mar. 24] at dawn. The year is the 178th from the 
H205 death of Alexander. We find that the corresponding spring equinox 285 years 

later, in the 463rd year from the death of Alexander, took place on Pachon 7 
[140 Mar. 22], approximately 1 hour after noon. Thus this period too 
comprised an increment [over 285 Egyptian years] of the same amount, 70j + 
about 55 days, instead of the 71 i days corresponding to the i-dav surplus for the 
285 years. Here too, then, the return of the spring equinox took place earlier 
than it would have with the [365]i-dav year by 5 ( 5 ths of a day. Hence, since 
1 day : :o day = 300 : 285, 

we conclude that the return of the sun to the equinoctial points takes place 
earlier than it would for a [365]i-day year by approximately one day in 300 
years. 

Furthermore if, because of its antiquity, we compare the summer solstice 
observed by the school of Melon and Euktemon (though somewhat crudely 
recorded) with the solstice which we determined as accurately as possible, we 
will get the same result. For that [solstice] is recorded as occurring in the year 
when Apseudes was archon at Athens, on Phamenoth 21 in the Egyptian 
H206 calendar [-431 June 27], at dawn . 22 We determined securely that the [summer 
solstice] in the above-mentioned 463rd year from the death of Alexander 
occurred on Mesore 11/12 [140 June 24/25] about2 hours after midnight. Now 
there are 152 years (as Hipparchus too reckons) from the summer solstice 
recorded in the archonship of Apseudes to the solstice observed by the school of 
Aristarchus in the fiftieth year of the First Kallippic Cycle [-279], and from that 
fiftieth year, which corresponds to the 44th year from the death of Alexander, to 
the 463rd year, in which our observation was made, is 419 years. Therefore in 


20 On this (-323, not -322, the actual year of Alexander’s death) see Introduction p. 10 n. 16. 
'178th’ is inclusive reckoning. 

21 Notoriously, like Ptolemy’s spring equinox and summer solstice observations below, this is 
about 1 day later than the actual event. This is the strongest argument of those modern critics who 
have maintained that Ptolemy faked’ observations. See Tooiner[5] 189. The best discussion of this 
difficult problem is Brittonfl] Chapter II. 

22 The Egyptian date of this observation was not given by Meton himself, who dated it to 
Skirophorion 13 in his calendar, but is a later conversion (found in the Milesian parapegma of the 
late second century B.C., see Samuel, Greek and Roman Chronology 44 or Toomer[7] 338, but no doubt 
already made by Hipparchus). 
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III 1. Length of tropical year according to Hipparchus 

the whole interval of 571 years, if the summer solstice observed by the school of 
Euktemon took place around the dawning of Phamenoth 21, there is an 
increment of approximately 140| days over complete Egyptian years, 23 instead 
of the 142i days corresponding to the j-day surplus for 571 years. Thus the 
return in question took place earlier than it would have with the [365] I-day 
year by 1 \\ days. Here too, then, it is clear that in a round 600 years the [true] 
year-length accumulates a decrement of approximately 2 complete days 
against the [365]i-day year. 

We find the same result from a number of other observations of our own, and 
we see that Hipparchus agrees with it on more than one occasion. For in his 
work ‘On the length of the year’ he compares the summer solstice observed by 
Aristarchus at the end of the fiftieth year of the First Kallippic Cycle [-279] with 
the one which he himself had determined, again with accuracy, at the end of the 
forty-third year of the Third Kallippic Cycle [-134], and then says: Tt is clear.- 
then, that over 145 years the solstice occurs sooner than it would have with a 
[365]i-day year by half the sum of the length of day and night’. Again, in ‘On 
intercalary months and days’ also, after remarking that according to the 
school of Meton and Euktemon the length of the year comprises 3651 + *4 days, 
but according to Kallippos only 365i days, 24 he comments, in his own words, as 
follows: ‘As for us. we find the number of whole months comprised in 19 years to 
be the same as they found, but we find the year to be even less than i-[day 
beyond 365], by approximately m th of a day. Thus ,in 300 years its 
[accumulated] deficit is 5 days compared with Metonf's figure], and 1 day 
compared with Kallippos’.' And when he more or less sums up his opinions in 
his list of his own writings, 21 he says: ‘I have also composed a work on the length 
of the year in one book, in which I show that the solar year (by which 1 mean the 
time in which the sun goes from a solstice back to the same solstice, or from an 
equinox back to the same equinox) contains 365 days, plus a fraction which is 
less than j by about tooth of the sum of one day and night, and not, as the 
mathematicians 26 suppose, exactly i-day beyond the above-mentioned number 
[365] of days.’ 

Thus I think it appeal's plainly from the agreement of present-day 
[observations] with earlier ones, that all phenomena observed up to the present 


23 Ptolemy apparently reckons dawn' (Ttptoiac;) in the earlier observation as 6 a.m. in equinoctial 
hours (despite the fact that at Athens sunrise at summer solstice occurs at about 4:45 a.m.l. and 
means *2 hours alter midnight' in his own observation to be 2 a.m.. i.e. equinoctial hours. Then the 
increment over whole days between the observations is 20 equinoctial hours = £ day. If we were to 
take the times as precisely sunrise' and ‘2 seasonal hours', the interval would be closer to 21 hours, 
or i day. 

24 These accord w ith the Metonic and Kallippic cycles respectively. See Introduction pp. 12-13. 

25 This phrase, which appears to have been misunderstood by all earlier translators, but is 
correctly interpreted by Rehm, Hipparchos' col. 1666. shows that Hipparchus published a 
catalogue of his own works with a summary of the contents of each. An example of this kind of 
publication which has come down to us is Galen's 'On his own Books' (jrep'i t6)v i5itov (3i(5Xio>v), 
Scripta Minora II 91 If. From Galen’s w'ork it is apparent that for a prolific writer of monographs, like 
Hipparchus, such a catalogue was necessary as a check on the ascription of his works (perhaps 
circulating in unauthorised versions) to others. 

26 oi paGqpatucoi, which includes astronomers. One might almost think from Hipparchus' tone 
that he means astrologers’ (tins is a standard meaning in later Greek). Ptolemy, however, does not 
use the word in this sense (cf. pp. 175 and 421, where I have translated it 'astronomers’). 
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140 III 1. Construction of solar mean motion table 

time having to do with the length of the solar year accord with the above- 
mentioned figure for the return to solstices or equinoxes. This being so, if we 
distribute the one day over the 300 years, every year gets 12 seconds of a day. 
Subtracting these from the 365; 15 d of thei-day increment, we get the required 
length of the year as 365; 14,4s 4 . Such, then, is the closest possible approxima¬ 
tion which we can derive from the available data. 

Now, with regard to the determination of the positions of the sun and the 
other [heavenly bodies] for any given time, which the construction of individual 
tables is designed to provide in a handy and as it were readymade form: we 
think that the mathematician’s task and goal ought to be to show all the 
heavenly phenomena being reproduced by uniform circular motions, and that 
the tabular form most appropriate and suited to this task is one which separates 
the individual uniform motions from the non-uniform [anomalistic] motion 
which [only] seems to take place, and is [in fact] due to the circular models; the 
apparent places of the bodies are then displayed by the combination of these 
two motions into one. 27 In order to have this type of table in a form which shall 
be usable and ready to hand for the actual proofs [which are to come], we shall 
now’ set out the individual uniform motions of the sun in the followingmanner. 

Since we have shown that one revolution contains 365;14,48 d , dividing the 
latter into the 360° of the circle, we find the mean daily motion of the sun as 
approximately 0;59,8,17,13,12,31° (it w ill be sufficient to carry out divisions to 
this number [i.e. 6] of sexagesimal places). 

Next, taking 34 th of the daily motion, we find the hourly motion as 
approximately 0;2.27,50,43,3.1°. 

Similarly, we multiply the daily motion by 30. the number of days in one 
month, and get as the mean monthly motion 29:34,8,36,36,15,30°; 

and, multiplying it by 365, the number of days in one Egyptian year, we get 
the mean annual motion as 359:45,24.45,21,8,35°. 

Then we multiply the yearly motion by 18 years, since this number will 
produce symmetry in the layout of the tables, 28 and, after reduction of complete 
circles, we find the increment over 18 years to be 355:37,25,36,20,34,30°. 

So we have set out three tables for the uniform motion of the sun, each again 
containing 45 lines, and each having two [vertical] sections. The first table will 
contain the mean motions of the 18-year periods, the second will contain the 


'"This is an implicit polemic against the ephemeris kind of astronomical table which gives the 
true positions of the planets (their 'apparent places’). To judge from the surviving papyri, the most 
common kind of planetary table was that giving the entries of the heavenly bodies into the zodiacal 
signs for a period of years (see HA A (A II 785 IT.). Ptolemy was perhaps thinking of a kind of 
'perpetual almanac’ which gives the true positions of the planets at regular intervals over a whole 
planetary period. His argument is that his approach (mean motion tables modified by equation 
tables) gives a truer picture of the actual motions, which are uniform and circular. 

28 Despite Ptolemy’s clear statement here of his motivation for choosing the 18-vear period, it has 
been the subject of much fruitless debate. Starting from a standard height of 45 lines (see I 10 p. 56 
n.67), and allowing some space for headings, he is led by the combination of single years on the same 
sheet with hours to 18 lines for that table (18 + 24 = 42 = 12 + 30 [months and days]). That is also 
the reason why the table (or 18-year periods goes up to only 810 years (45 x 18), even though this 
does not reach Ptolemy’s own time from his epoch. By the time he came to compose the Handy 
Tables, he had realised the inconvenienceofthisarrangement. and switched to 25-year periods and 
an epoch closer to his own time (Era Philip, -323 Nov. 12). 
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III 3 . The epicyclic and eccentric hypotheses 

yearly motions above and the hourly motions below, and the third will contain 
the monthly motions above and the daily motions below. The numbers 
representing time will be in the first [i.e. left-hand] section, and the 
corresponding degrees, obtained by successive addition of the appropriate 
amount for each [time-unit], in the second [i.e. right-hand] section. The tables 
are as follows. 


2. {Table of the mean motion of the sun} 29 
[See pp. 142-3.] 


H210—15 


3. {On the hypotheses for uniform circular motion] ' 9 H216 

Our next task is to demonstrate the apparent anomaly of the sun. But first we 
must make the general point that the rearward displacements of the planets 
with respect to the heavens are, in every case, just like the motion of the universe 
in advance, by nature uniform and circular. That is to say, if we imagine the 
bodies or their circles being carried around by straight lines, in absolutely every 
case the straight line in question describes equal angles at the centre of its 
revolution in equal times. The apparent irregularity [anomaly] in their motions 
is the result of the position and order of those circles in the' sphere of each by 
means of which they carry out their movements, and in reality there is in essence 
nothing alien to their eternal nature in the disorder' which the phenomena are 
supposed to exhibit. The reason for the appearance of irregularity can be 
explained by two hypotheses, w hich are the most basic and simple. When their 
motion is viewed with respect to a circle imagined to be in the plane of the 
ecliptic, the centre of w hich coincides with the centre of the universe (thus its 
centre can be considered to coincide with our point of view), then we can 
suppose, either that the uniform motion of each [body] takes place on a circle 
w hich is not concentric with the universe, or that they have such a concentric 
circle, but their uniform motion takes place, not actually on that circle,4)111 on H217 
another circle, which is carried by the first circle, and [hence] is known as the 
'epicycle’. It will be shown that either of these hypotheses will enable [the 
planets] to appear, to our eyes, to traverse unequal arcs of the ecliptic (which is 
concentric to the universe) in equal times. 

In the eccentric hypothesis: [see Fig. 3.1] we imagine the eccentric circle, on 
which the body travels with uniform motion, to be ABGD on centre E, with 
diameter AED, on which point Z represents the observer. 31 Thus A is the 
apogee, and D the perigee. We cut olfequal arcs AB and DG, and join BE, BZ, 

GE and GZ. Then it is immediately obvious that the body will traverse the arcs 

29 Corrections to Heiberg's text: H210, 23-5, column of fourths (for arguments 342,360 and 378). 

A misprint has disrupted the order, which should be X, va, t|3, but has become vet, i{I, X (51,12,30). 

H215,38, thirds : Xe (35): Xt;, as Is. 

30 See HAMA 55-7, Pedersen 134-44. 

31 ‘the observer'; literally ‘our point of view’. 
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Ill 3. The eccentric hypothesis 

A 



D 

Fig. 3. 1 

AB and GD in equal times, but will [in so doing] appear to have traversed 
unequal arcs of a circle drawn on centre Z. For 
Z BEA = Z GED. 

But Z BZA<Z BEA (or Z GED), 
and Z GZD >Z GED (or Z BEA). 

H218 In the epicyclic hypothesis: we imagine [see Fig. 3.2] the circle concentric 
with the ecliptic as ABGD on centre E. with diameter AEG, and the epicycle 
carried by it, on which the body moves, as ZH0K on centre A. 

Then here too it is immediately obvious that, as the epicycle traverses circle 
ABGD with uniform motion, say from A towards B, and as the body traverses 
the epicycle with uniform motion, then when the body is at points Z and@, it 
will appear to coincide with A, the centre of the epicycle, but when it is at other 
points it w ill not. Thus when it is, e.g., at H, its motion will appear greater than 
the uniform motion [of the epicycle] by arc AH, and similarly when it is at K its 
motion will appear less than the uniform by arc AK. 

Now in this kind of eccentric hypothesis 32 the least speed always occurs at the 
apogee and the greatest at the perigee, since Z AZB [in Fig. 3.1] is always less 
than Z DZG. But in the epicyclic hypothesis both this and the reverse are 
possible. For the motion of the epicycle is towards the rear with respect to the 
H219 heavens, say from A towards B [in Fig. 3.2]. Now if the motion of the body on 
the epicycle is such that it too moves rearwards from the apogee, that is from Z 
towards H, the greatest speed will occur at the apogee, since at that point both 

32 Ptolemy is hinting at the existence of another kind of eccentric hypothesis, one which is 
geometrically equivalent to that epicyclic hypothesis in which the sense of rotation is the same for 
both planet and epicycle. But he does not discuss this until XII 1 (p. 555), where we learn that the 
equivalence was already known to Apollonius of Perge ( c . 200 B.C.). See HAMA 149- 
50. 
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III 3. The epicyclic hypothesis 

z 



G 

Fig. 3.2 


epicycle and body are moving in the same direction. But if the motion of the 
body from the apogee is in advance on the epicycle, that is from Z towards K, 
then the reverse will occur: the least speed will occur at the apogee, since at that 
point the body is moving in the opposite direction to the epicycle. 

Having established that, we must next make the additional preliminary 
point that lor bodies which exhibit a double anomaly both the above 
hypotheses may be combined, as we shall prove in our discussions of such 
bodies, but for a body which displays a single invariant anomaly, a single one of 
the above hypotheses will suffice: and [in this case] all the phenomena will be 
represented, with no difference, by either hypothesis, provided that the same 
ratios are preserved in both. By this I mean that the ratio, in the eccentric 
hypothesis, of the distance between the centre of vision and the centre of the 
eccentre to the radius of the eccentre, must be the same as the ratio, in the 
epicyclic hypothesis, of the radius of the epicycle to the radius of the deferent; 33 
and furthermore that the time taken by the body, travelling towards the rear, to H220 
traverse the immovable eccentre, must be the same as the time taken by the 
epicycle, also travelling towards the rear, to traverse the circle with the observer 
as centre [the deferent], while the body moves with equal [angular] speed about 
the epicycle, but so that its motion at the apogee [of the epicycle] is in advance. 

If these conditions are fulfilled, the identical phenomena will result from 
either hypothesis. We shall briefly show this [now] by comparing the ratios in'" 
abstract, and later by means of the actual numbers we shall assign to them for 


33 ‘deferent’: see Introduction p. 21. 
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the sun’s anomaly. 34 I say then, first, that in both hypotheses, the greatest 
difference between the uniform motion and the apparent, non-uniform motion 
(which is also the notional position of the mean speed for the bodies) 35 occurs 
when the apparent distance from the apogee comprises a quadrant, and that 
the time between apogee [position] and the above-mentioned mean speed 
[position] is greater than the time between mean speed and perigee. Hence, for 
the eccentric hypothesis always, and for the epicyclic hypothesis when the 
motion at apogee is in advance, the time from least speed to mean is greater 
H221 than the time from mean speed to greatest; for in both hypotheses the slowest 
motion takes place at the apogee. But [for the epicyclic hypothesis] when the 
sense of revolution of the body is rearwards from the apogee on the epicycle, the 
reverse is true: the time from greatest speed to mean is greater than the time 
from mean to least, since in this case the greatest speed occurs at the apogee. 

First, then, [see Fig. 3.3] let the body’s eccenter be ABGD on centre E, with 
diameter AEG. On this diameter take the centre of the ecliptic, that is, the 
position of the observ er, at Z, and draw BZD through Z at right angles to AEG. 
Let the positions of the body be B and D, so that, obviously, its apparent 
distance from apogee A is a quadrant on either side. We have to prove that the 
greatest difference between mean and anomalistic motion takes place at points 
B and D. 

Join EB and ED. 

It is immediately obvious that the ratio ofZ EBZ to 4 right angles equals the 


A 



H Relerence to III 4 p. 157. 

iS Ptolemy never attempts to prove this statement ai>out the jx>sition where the apparent motion 
equals the mean motion, but it is intuitively seen to be true from the epicyelic model. See HAMA 57, 
Pedersen 143. 
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ratio of the arc of the difference due to the anomaly 36 to the whole circle; for 
Z AEB subtends the arc of the uniform motion, and Z AZB subtends the arc of the 
apparent, non-uniform motion, and the difference between them is Z EBZ. 

I say, then, that no angle greater than these two [Z EBZ and Z EDZ] can be 
constructed on line EZ at the circumference of circle ABGD. 

[Proof: ] Construct at points 0 and K angles E0Z and EKZ, and join 0D, KD. 
Then since, in any triangle, the greater side subtends the greater angle, 37 
and 0Z >ZD, 

Z 0DZ > Z D0Z. 

But Z ED0 = Z E0D, since E0 =■ ED [radii]. 

Therefore, by addition, Z EDZ (=Z EBD) > Z E0Z. 

Again, since DZ >KZ, 

Z ZKD >Z ZDK. 

But Z EKD = Z EDK, since EK = ED. 

Therefore, by subtraction, Z EDZ (= Z EBZ) >Z EKZ. 
Therefore it is impossible for any other angle to be constructed in the way 
defined greater than those at points B and D. 

Simultaneously it is proven that arc AB, which represents the time from least 
speed to mean, exceeds BG, which represents the time from mean speed to 
greatest, by twice the arc comprising the equation of anomaly. For Z AEB 
exceeds a right angle (Z EZB) by Z EBZ, and Z BEG falls short of a right angle 
by the same amount. 

To prove the same theorem again for the other hypothesis, let [Fig. 3.4] the 
circle concentric with the univ erse be ABG on centre D and diameter ADB, and 
let the epicycle which is carried around it in the same plane be EZH on centre 
A. Let us suppose the body to be at H when its apparent distance from the 
apogee is a quadrant. Join AH and DHG. 

I say that DHG is tangent to the epicycle; for that is the position in which the 
difference between uniform and anomalistic motion is greatest. 

[Proof:] The mean motion, counted from the apogee, is represented hyZ EAH; 
for the body traverses the epicycle with the same [angular] speed as the epicycle 
traverses circle ABG. Furthermore the difference between mean and apparent 
motion is represented by Z ADH. Therefore it is clear that the amount by which 
Z EAH exceeds Z ADH (namely Z AHD) represents the apparent distance of 
the body from the apogee. But this distance is, by hypothesis, a quadrant. 
Therefore Z AHD is a right angle, and hence line DHG is tangent to epicycle 
EZH. Therefore arc AG, since it comprises the distance between the centre A 
and the tangent, is the greatest possible difference due to the anomaly. 

By the same reasoning, arc EH, which according to the sense of rotation on 


16 This expression is later used as a technical term lor the angle corresponding to Z EBZ here, and 
is usually translated equation of anomaly'. See Introduction pp. 21-2. 

17 Precisely this statement, that the greater angle is subtended by the greater side, is the - 
enunciation of Euclid I 19 (which Heiberg refers to ad loc.). But in fact what underlies Ptolemy'S - ' 
statement is that, if side a is greater than side b, angle A is greater than angle B. which is Euclid 118. 
Perhaps we should adopt the reading of D, uTtd TTjv pei^ova ^X,eupav f| pei^cov ytovia Gjtoteivei 
(‘the greater angle subtends the greater side’), and assume that the text has been assimilated to the 
(wrong) Euclidean wording. 
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Fig. 3.4 


the epicycle assumed here, represents the time from least speed to mean, 
exceeds arc HZ, which represents the time from mean speed to greatest, by 
H223 twice arc AG. For if we produce DH to © and draw AK© at right angles to EZ, 

Z KAH = Z ADG, 38 
and arc KH = arc AG. 39 

And arc EKH is greater than a quadrant by arc KH, 

while arc ZH is less than a quadrant by arc KH. 

Q.E.D. 

It is also true that the same effects will be produced by both hypotheses if one 
takes a partial motion over the same stretch of time for both, whether one 
considers the mean motion or the apparent, or the difference between them, 
that is the equation of anomaly. The best way to see that is as follows. 

[See Fig. 3.5. J 40 Let the circle concentric with the ecliptic be ABG on centre 
D, and let the circle which is eccentric but equal to the concent re ABG be EZH 
on centre 0. Let the common diameter through their centres D, © and the 


38 Euclid VI 8. 

39 To get a grammatical text I excise6poia at H225,4. It was introduced (at an early period, since 
it is reflected in the Arabic translations) as a correction of Ptolemy’s inaccurate (to the scholastic 
mind) statement that arc KH equab arc AG. Since the arcs are on circles of different sizes, they are 
technically only ‘similar’. An alternative correction would be toot pEvyiyvovrat at te vno KAH 
xai AAH yajviat (which is actually found in Theon's commentary ad loc., Rome III 868,8, but is 
probably a paraphrase; it also seems to be behind L). 

40 The figure in Heiberg (p. 225) wrongly omits the letter corresponding to L (though this is found 
in all mss.). Manitius, misled by this, emended’ AA at H226,23 to the nonsensical ‘AB\ 
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apogee E be EA0D. Cut off at random aft arc AB on the concentre, and with 
centre B and radius D0 draw the epicycle KZ. Join KBD. 

I say that the body will be carried by both kinds of motion [i.e. according to H226 

both hypotheses] to point Z, the intersection of the eccentre and the epicycle, In 
the same time in all cases (that is, the three arcs, EZ on the eccentre, AB on the 



concentre, and KZ on the epicycle, are all similar), and that the difference 
between uniform and anomalistic motion, and the apparent positions of the 
body, will turn out to be one and the same according to both hypotheses. 

[Proof:] Join Z0, BZ and DZ. 

Since, in the quadrilateral BD0Z, the opposite sides are equal, Z0 to BD and 
BZ to D0, BD0Z is a parallelogram. 

Therefore Z E0Z = Z ADB = Z ZBK. 

Therefore, since they are angles at the centre [of circles], the arcs subtended 
by them are also similar, i.e. 

Arc EZ of the eccentre || arc AB of the concentre || arc KZ of the epicycle. 

Therefore the body will be carried by both kinds of motions in the same time 
to the same point, Z, and will appear to have traversed the same arc AL of the 
ecliptic from the apogee, and accordingly the equation of anomaly will be the H227 
same in both hypotheses; for we showed that that equation is represented by 
Z DZ0 in the eccentric hypothesis and by Z BDZ in the epicyclic hypothesis, and 
these two angles are alternate and equal, since, as we have shown, Z0 is parallel 
toBD. 

It is obvious that the same results will hold good for all distances [of the body 
from the apogee]. For quadrilateral 0DZB will always be a parallelogram, and 
[hence] the motion of the body on the epicycle will actually describe the 
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eccentric circle, provided the ratios 41 are similar and their members equal in 
both hypotheses. 

Moreover, even if the members are unequal in size, provided their ratios are 
similar, the same phenomena will result. This can be shown as follows. 

As before [see Fig. 3.6] let the circle concentric with the universe be ABG on 
centre D and the diameter, on which the body reaches apogee and perigee 
positions. ADO. Let the epicycle be drawn on point B, at an arbitrary distance, 
arc AB, from apogee A. Let the arc traversed by the body [on the epicycle] be 
H228 EZ, which is, obviously, similar to AB, since the revolutions on [both] circles 
have the same period. Join DBE, BZ, DZ. 



Now it is immediately obvious that, according to this [epicyclic] hypothesis, 
Z ADE will always equal Z ZBE, and the body will appear to lie on line DZ. 

But I say that the body will also appear to lie on the same line DZ according 
to the eccentric hypothesis, whether the eccentre is greater or smaller than the 
concentre ABG, provided only that one assumes that the ratios are similar and 
that the periods of revolution are the same. 

[Proof:] Let the eccentre be drawn under the conditions we have described, 
greater [than the concentre] as H© on centre K ([which must lie] on AG), and 


41 The ratios arc e:R and rR. 
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smaller [than the concentre] as LM on centre N (this too [must lie on AG]). 
Produce DZ as DMZ0, and DA as DLAH, and join 0K, MN. 

Then since 

DB:BZ = 0K:KD = MN:ND [by hypothesis], 
and Z BZD = Z MDN (since DA is parallel to BZ); H229 

the three triangles [ZDB,D0K,DMN] are equiangular, 
and Z BDZ = Z D0K. = Z DMN (angles subtended by corresponding sides). 
Therefore DB, 0K and MN are parallel. 

/. Z ADB = Z AK0 = Z ANM. 

Since these angles are at the centres of their circles, the arcs on them, AB, H0 
and LM, will also be similar. 

So it is true, not only that the epicycle has traversed arc AB in the same time 
as the body has traversed arc EZ, but also that the body will have traversed arcs 
H© and LM on the eccentres in that same time; hence in every case it will be 
seen along the same line DMZ0, according to the epicydic [hypothesis] at 
point Z, according to the greater eccentre at point 0, and according to the 
smaller eccentre at point M. The same will hold true in all positions. 

A further consequence is that where the apparent distance of the body from 
apogee [at one moment] equals its apparent distance from perigee [at another], 
the equation of anomaly will be the same at both positions. 

[Proof:] In the eccentric hypothesis [see Fig. 3.7], we draw the eccentric circle 
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Fig. 3.7 


ABGD on centre E and diameter AEG through apogee A. We suppose the. H230 
observer to be located at Z, and draw an arbitrary [chord] BZD through Z, and 
join EB and ED. Then the apparent positions [ of the body at B and D] will be 
equal and opposite, that is the angle AZB from the apogee will be equal and 
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opposite to angle GZD from the perigee; and the equation of anomaly will be 
the same [in both cases], since 

BE = ED, and Z EBZ = Z EDZ. 

So the arc [AB] of mean motion counted from the apogee A will exceed the arc of 
apparent motion (i.e. the arc subtended by angle AZB) by the same equation 
[equal to Z EBZ] as the arc of mean motion counted from the perigee G is 
exceeded by the arc of apparent motion (i.e. the [equal] arc subtended by 
Z GZD). For 

Z AEB >Z AZB, and Z GED < Z GZD. 

In the epicyclic hypothesis [see Fig. 3.8] if, as before, we draw the concentre 
ABG on centre D and diameter ADG, and the epicycle EZH on centre A, draw 
H231 an arbitrary line DHBZ, and join AZ and AH, then the arc AB representing the 
equation of anomaly wiii be the same at both positions, i.e. whether the body is 

E 



G 

Fig. 3.8 


at Z or at H. And the distance of the body from the point on the ecliptic 
corresponding to the apogee when it is at Z will be equal to its distance from the 
point corresponding to the perigee when it is at H. For the arc of its apparent 
distance from the apogee is represented by Z DZA, since, as we showed, this is 
the difference between the mean motion and the equation of anomaly. 42 And 
the arc of its apparent distance from the perigee is represented by Z ZHA (for 
this, too, is equal to the mean motion from the perigee plus the equation of 
anomaly). 

But Z DZA = Z ZHA, since AZ = AH. 


42 Z DZA = Z EAZ-Z ADZ. Shown p. 147. 
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Thus here toe we conclude that the mean motion exceeds the apparent near 
the apogee (i.e. Z EAZ exceeds Z AZD) by the same equation (namely Z ADH) 
as the mean motion is exceeded by the (same) apparent motion (i.e. Z HAD by H232 
Z AHZ) near the perigee. 

QE-D. 


4. {On the apparent anomaly of the sun } 43 

Having set out the above preliminary theorems, we must add a further 
preliminary thesis concerning the apparent anomaly of the sun. This has to be a 
single anomaly, of such a kind that the time taken from least speed to mean shall 
always be greater than the time from mean speed to greatest, for we find that 
this accords with the phenomena. Now this could be represented by either of the 
hypotheses described above, though in case of the epicvclic hypothesis the 
motion of the sun on the apogee arc of the epicycle would have to be in advance. 
However, it would seem more reasonable to associate it with the eccentric 
hypothesis, since that is simpler and is performed by means of one motion 
instead of two. 44 

Our first task is to find the ratio of the eccentricity of the sun’s circle, that is, 
the ratio which the distance between the centre of the eccentre and the centre of 
the ecliptic (located at the observer) bears to the radius of the eccentre. We must 
also find the degree of the ecliptic in which the apogee of the eccentre is located. 

These problems have been solved by Hipparchus with great care. 43 He assumes H233 
that the interval from spring equinox to summer solstice is 94^ days, and that the 
interval from summer solstice to autumnal equinox is 92^ days, and then, with 
these observations as his sole data, shows that the line segment between the 
above-mentioned centres [of eccentre and ecliptic] is approximately 54 th of the 
radius of the eccentre, and that the apogee is approximately 24^° (where the 
ecliptic is divided into 360°) in advance of the summer solstice. We too, for our 
own time, find approximately the same values for the times [taken by the sun to 
traverse] the above-mentioned quadrants, and for those ratios. Hence it is clear 
to us that the sun’s eccentre always maintains the same position relative to the 
solsticial and equinoctial points. 46 

In order not to neglect this topic, but rather to display the theorem worked 
out according to our own numerical solution, we too shall solve the problem, for 
the eccentre, using the same observed data, namely, as already stated, that the 
interval from spring equinox to summer solstice comprises 94^ days, and that 

43 See HAMA 57-8, Pedersen 144-9. 

44 On the desirability of simplicity in hypotheses see III 1 p. 136 with n.17. 

45 Reading pexa itacrns axouSifc (with D, Ar) at H233,l-2 for pexa cmouSqc; (‘with care’). 

46 According to Ptolemy the sun’s apogee (unlike those of the five planets, as it later turns out, IX 
7) does not share in the motion of precession. The reproaches that have been cast on Ptolemy (e.g. 
by Manitius I 428-9) for failing to discover that the sun’s apogee too has a motion through the* 
ecliptic are unjustified. To do that he would have needed observations of the time of equinox and 
solstice far more accurate than those available (to the nearest i-day), and not only for his own time 
but also for an earlier time. See the papers by Rome[3] and Petersen and Schmidt for a 
mathematical demonstration of this. 
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from summer solstice to autumnal equinox 92i days. For our own very precise 
H234 observations of the equinoxes and the summer solstice in the 463rd year from 
the death of Alexander confirm the day-totals in these intervals: as we said, 
[III 1, p. 138], the autumnal equinox occurred on Athyr [III] 9, [139 Sept. 26], 
alter sunrise, the spring equinox on Pachon [IX] 7 [140 March 22], after noon 
(thus the interval [between them] is 178i days), and the summer solstice on 
Mesore [XII] 11/12, [140 June 24/25], after midnight. Thus this interval, from 
spring equinox to summer solstice, comprises 94| days, which leaves approxi¬ 
mately 92! days to complete the year, this number represents the interval from 
the summer solstice to the following autumnal equinox. 47 

[See Fig. 3.9,] Let the ecliptic be ABGD on centre E. In it draw two 
diameters, AG and BD, at right angles to each other, through thesolsticialand 
equinoctial points. Let A represent the spring [equinox], B the summer 
[solstice], and so on in order. 


n 



G 

Fig. 3.9 


47 In III 1 the precise times of day given are ‘ 1 hour after sunrise', 1 1 hour after noon" and '2 hours 
after midnight’. Thus the precise intervals are 178l days and 94 d !3 h , leading to corrected figures ol 
94 d 13 h and 92^ I l h lor the intervals used in the computation. But see p. 139 n.23 lor the possibility 
that the time of solstice is '2 seasonal hours' (***1? equinoctial hours). Even as small a change as 1 
hour in an interval has an effect of about 1° in the location of the apogee (cf. Petersen and Schmidt 
80-3 and Rome[3] 13-15). 



HI 4. Determination of solar eccentricity and apogee 155 

Now it is clear that the centre of the eccentre will be located between lines EA 
and EB. For semi-circle ABG comprises more than half of the length of the year, 
and hence cuts off more than a semi-circle of the eccentre; and quadrant AB too 
comprises a longer time and cuts off a greater arc of the eccentre than quadrant 
BG. This being so, let point Z represent the centre of the eccentre, and draw the 
diameter through both centres and the apogee, EZH. With centre Z and 
arbitrary radius draw the sun’s eccentre 0KLM, and draw through Z lines 
NXO parallel to AG and PRS parallel to BD. Draw perpendicular 0TY from 
0 to NXO and perpendicular KFQ from K to PRS. 

Now since the sun traverses circle 0KLM with uniform motion, it will 
traverse arc 0K in 94^ days, and arc KL in 92i days. In 94? days its mean 
motion is approximately 93;9°, and in 92^ days 91; 11°. Therefore 
arc 0KL = 184;20° 

and, by subtraction of the semi-circle NPO [from arc 0KL], 
arc N0 + arc LO [= 184;20° - 180°] = 4;20° 

So arc 0NY = 2 arc 0N = 4;20° also, 

0Y = Crd arc 0NY s =»4;32 p t where the diameter of 
and EX = 0T = ?©Y — 2; 16 P J the eccentre = 120 p , 

Now since arc 0NPK = 93;9°, 

and arc 0N = 2; 10° and quadrant NP = 90°, 
bv subtraction, arc PK = 0;59°, 

and arc KPQ = 2 arc PK = 1;58°. 

KFQ = Crd arc KPQ = 2;4 P , 1 whefe the diameter 
and ZX = KF = ?KFQ = 1;2 P J of the eccentre = 120 p . 
And we have shown that EX = 2; 16 P in the same units. 

Now since EZ 2 = ZX 2 + EX 2 , 

EZ 2:29^ p where the radius of the eccentre = 60 p . 

Therefore the radius of the eccentre is approximately 24 times the distance 
between the centres of the eccentre and the ecliptic. 

Now, since EZ:ZX = 2:29? : 1:2, 

ZX will be about 49;46 p where hypotenuse EZ = 120 p . 

Therefore, in the circle about right-angled triangle EZX, 
arc ZX^ 49°. 

/ 7FV - J ^°° w ^ ere 2 right angles = 360°° 

.. Z ZbX - | 24 . 3()0 where 4 r ^ ht an ^ les = 36()00 

So, since Z ZEX is an angle at the centre of the ecliptic, arc BH, which is 
the amount by which the apogee at H is in advance of the summer solstice 
at B, is also 24;30°. 

Furthermore, since quadrants OS and SN are each 90°, 
and arc OL = arc 0N =2; 10°, 
and arc MS ^ 0:59°, 
arc LM = 86;51°, 
and arc M0 = 88;49°. 

But the sun in its uniform motion travels 
86;51° in about 88g days, 
and 88;49° in about w 9Q^ days. 

Hence it is clear that the sun will traverse arc GD, which extends from the 
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autumnal equinox to the winter solstice, in about 88i days, and arc DA, which 
extends from the winter solstice to the spring equinox, in about 90i days. The 
above conclusions are in agreement with what Hipparchus says. 

Using these quantities, then, let us first see what the greatest difference 
between mean and anomalistic motions is, and at what points it will occur. 

[See Fig. 3.10.] Let the eccentric circle be ABG on centre D and diameter 
ADG through the apogee A, on which E represents the centre of the ecliptic. 
Draw EB at right angles to AG, and join DB. 

Now since, where BD, the radius, equals 60 p , DE, the eccentricity, equals 
2;30 p (according to the ration 24:1), 

in the circle about right-angled triangle BDE, 

DE = 5 P where hypotenuse BD = 120 p , 
and arc DE » 4;46°. 

Therefore Z DBE, which represents the greatest equation of anomaly, 

4;46°° where 2 right angles = 360°° 

2;23° where 4 right angles = 360°. 

In the same units, right angle BED = 90°, 

and Z BDA = Z DBE + Z BED = 92;23°. 
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Fig. 3.10 

Thus, since Z BDA is at the centre of the eccentre and Z BED is at the centre of the 
ecliptic, we conclude that the greatest equation of anomaly is 2;23°, and the 
position where it occurs is 92,23° from the apogee, measured along the eccentre 
in uniform motion, and (as we proved earlier) a quadiant, or 90° [from the 
apogee], measured along the ecliptic in anomalistic motion. It is obvious from 
our previous results that in the opposite semi-circle 48 the mean speed and the 
greatest equation of anomaly will occur at 270° of apparent motion, and at 
267;37° of mean motion on the eccentre. 




48 Readin<< f|niKU>cA,iov (with D,Ar) lor T|irjfia (‘segment’) at H239.12. 
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We now want to use numerical computation, as we promised [pp. 145-6], to 
show that one derives the same quantities from the epicyclic hypothesis too, 
provided the same ratios are preserved in the way we explained. 

[See Fig. 3.11.] Let the circle concentric to the ecliptic be ABG on centre D 
and diameter ADG, and the epicycle circle EZH on centre A. From D draw a 
tangent to the epicycle, DZB, and join AZ. Then, as before, in the right-angled H240 
triangle ADZ, AD is 24 times AZ, so that, in the circle about right-angled 
triangle ADZ, AZ is, again, 5 P where hypotenuse AD is 120 p , and the arc on AZ 
is 4;46°. 

- / 4;46°° where 2 right angles = 360°° 

.. Z ADZ = | 2;23 o where 4 right angles = 360 o 
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Fig. 3.11 

Therefore the greatest equation of anomaly, namely arc AB, has been found to 
be 2:23° here too, in agreement with [the previous result], and the arc of 
anomalistic motion is 90°, since it is represented by the right angle AZD, while 
the arc of mean motion, which is represented by Z EAZ, is again 92:23°. 


5. [On the construction of a table for individual subdivisions of the anomaly ] 49 

In order to enable one to determine the anomalistic motion over any 

49 Read ins t&v avtopaAittv icavovoJtoticu; at H240.16-17. with D (d. all Greek mss. in the table 
of contents, H190.9-1O) for ttJ<; dvwpaX'iaq emaKeyecix; ('investigation of the anomaly for partial 
stretches’, which is the reading of Ar in both places). 

On chs. 5 and 6 see HAMA 58-60. Pedersen 149-51. 
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subdivision [ofthe circle], we shall show, again for both hypotheses, how, given 
one of the arcs in question, we can compute the others. 

H241 [See Fig. 3.12.] First, let the circle concentric to the ecliptic be ABG on centre 
D, the eccentre EZH on centre 0, and let the diameter through both centres 
and the apogee E be EA0DH. Cut off arc EZ, and join ZD, Z0. First, let arc 
EZ be given, e.g. as 30°. 
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Produce Z0 and drop the perpendicular to it from D, DK. 
Then, since arc EZ is, by hypothesis, 30°, 

/ F<=>7 - / note - / 30 ° where 4 ri § ht angles = 360° 

160°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle D0K, 
arc DK = 60° 

and arc K0 = 120° (supplement). 

Therefore the corresponding chords 
DK = 60 p 
and K0 = 103;55 p 
Therefore, where D0 = 2;30 p and radius Z0 = 60 p , 
DK = l;15 p and 0K = 2;10 p . 

Therefore, by addition [of 0K to radius Z0], K0Z = 62;10 p 
Now since DK 2 + K0Z 2 = ZD 2 , 
the hypotenuse ZD 62; 1 l p . 

Therefore, where ZD = 120 p , DK = 2;25 p , 
and, in the circle about right-angled triangle ZDK, 
arc DK = 2; 18°. 


} 


where hypotenuse D0 = 120 p . 
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* / D7K - { 2 ’ 18 °° where 2 ri S ht angles = 360°° 

~ \l;9° where 4 right angles = 360°. 

That [1;9°] will be the amount of the equation of anomaly at this position. 
And Z E0Z was taken as 30°. 

Therefore, by subtraction, Z ADB (which equals arc AB of the ecliptic) equals 
28;51°. 

Furthermore, if any other of the [relevant] angles be given [instead of 
Z E0Z], the remaining angles will be given, as is immediately obvious if, in the 
same figure [see Fig. 3.13] we drop perpendicular 0L from 0 on to ZD. 
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For suppose first that arc AB of the ecliptic, i.e. Z 0DL, is given. Then the 
ratio D0:0L will be given. 50 And since D0.0Z is also given, 0Z:0L will be 
given. 51 Hence Z 0ZL, the equation of anomaly, will be given. 52 and so will 
Z E0Z, i.e. arc EZ of the eccentre. 

Or suppose, secondly, that the equation of anomaly, i.e. Z 0ZD, is given: we 
will get the same results in reverse order. For fromZ 0ZD the ratio 0Z:0L will 
be given, and 0Z:0D is given from the beginning. Hence D0:0L will be given, 
and hence Z 0DL, i.e. arc AB of the ecliptic, and [hence] Z E0Z, i.e. arc EZ of 
the eccentre. 


50 Euclid Data 40: if the angles of a triangle are given, its sides are given in form (i.e. the ratio of the 
sides is given, cf. Data 3). 

51 Euclid Data 8: magnitudes having a given ratio to the same magnitude have a given ratio to 
each other. D0:@Z is given as the ratio of eccentricity. 

52 Euclid Data 43: if, in a right-angled triangle, the sides about one of the acute angles have a given 
ratio, the triangle is given in form (cf. n.50). 


H243 
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Next [see Fig. 3.14] let the circle concentric with the ecliptic be ABG on 
centre D and diameter ADG, and let the epicycle (in the same ratio (to circle ABG 
as the eccentricity to the eccentre]) be EZH0 on centre A. Cut off arc EZ and join 
ZBD and ZA. Let arc EZ again be taken in the same amount, 30°. Drop 
perpendicular ZK from Z on to A£. 


E 



G 

Fig. 3.14 


where the diameter AZ = 120 P . 


Since arc EZ = 30°, 

Z EAZ - / w ^ ere ^ rig* 11 angles = 360° 
[60°° where 2 right angles = 360 o< 
Therefore in the circle about right-angled triangle AZK, 

H244 arc ZK = 60° 

and arc AK = 120° (supplement). 

Therefore the corresponding chords 
ZK = 60 p 
and KA = 103;55 p 

Therefore where hypotenuse AZ = 2;30 p and radius AD = 60** 

ZK = I;15 p , KA = 2;10 p , 
and, by addition, KAD = 62; lO 1 *. 

And since ZK 2 + KD 2 = ZBD 2 , 

ZD = 62; 1 l p , where ZK = l;15 p . 

So where hypotenuse DZ = 120 p , ZK = 2;25 p , 
and, in the circle about right-angled triangle DZK, 
arc ZK = 2; 18°. 

;18°° where 4 right angles = 360°° 

;9° where 2 right angles = 360°. 


Z ZDK 


J2;l 
L i;S 
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This is, again, the amount of the equation of anomaly, which is represented by 
arc AB. 

And Z EAZ was taken as 30°. H245 

Therefore, by subtraction, Z AZD, which represents the arc of apparent motion 
on the ecliptic, is 28;51°. 

These amounts are in agreement with what we found for the eccentric 
hypothesis. 

Here too, if any other angle be given [instead ofZ EAZ], the remaining angles 
will be given, [as can be seen] on the same figure [see Fig. 3.15] if the 
perpendicular AL is dropped from A on to DZ. 


E 



G 

Fig. 3.15 


For if, as before, we first take the arc of apparent motion on the ecliptic, i.e. 

Z AZD, as given, from this the ratio ZA: AL will be given. And since ZA: AD was 
given from the beginning, DA: AL will be given. Hence Z ADB will be given, i.e. 
arc AB, the arc of the equation of anomaly, and so willZ EAZ, i.e. arc EZ of the 
epicycle. 

Of if, secondly, we take the equation of anomaly, i.e. Z ADB, as given, then, in 
the same way but in reverse order, from this AD:AL will be given; and since 
DA:AZ was given from the beginning, ZA:AL will also be given; and hence H246 
Z AZD will be given, which corresponds to the arc of apparent motion on the 
ecliptic, and so will Z EAZ, i.e. arc EZ of the epicycle. 

Let us again take the previous figure for the eccentre [see Fig. 3.16], and cut 
off from H, the perigee of the eccentre, arc HZ, which we again take as 30°. Join 
DZB and Z0, and drop perpendicular DK from D on to @Z. 
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G 

Fig. 3.16 


Then since arc ZH = 
Z Z0H = 


30°, 

r 3o° 


where diameter D0 = 120 p . 


where 4 right angles = 360° 

\ 60°° where 2 right angles = 360° 

Therefore in the circle about right-angled triangle D0K, 
arc DK = 60° 

and arc K0 = 120° (supplement). 

Therefore the corresponding chords 

DK = 60 p 1 

and K0 = 103;55 p J 
Therefore where hypotenuse D0 = 2;30 p and radius 0Z = 60**, 

DK = I;I5 P and 0K = 2;10 p , 
and KZ = 57;50 p by subtraction [of 0K from 0Z] 

And since DZ 2 = DK 2 + KZ 2 , 

DZ - 57;51 p where DK = l;15 p . 

Therefore where hypotenuse DZ = 120 p , DK = 2;34 p . 53 
And, in the circle about right-angled triangle DZK, 
arc DK = 2;27°. 

!;27°° where 2 right angles = 360°° 

;14° (approximately) where 4 right angles = 360°. 


Z DZK 


iUC 

f2;2 

“U;i 


yi Reading 3 for 3 X8 Xq (2;34,36) at H247,6, with Ar. Accurate computation gives 2;35,34 (cf. 
reading of D*), but Ptolemy gives his results here only to minutes, and2;34 is correct, since Crd 2:27° 
= 2;33,55 p ** 2;34 p . The 36 was presumably a marginal correction to the 34 (cf. reading of D at 
H249.20), which was later mistakenly incorporated as an extra place. The same correction has to l>e 
made at H249.20 (Iwth made by Manilius). 
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This [1;14°], then, is the equation of anomaly. 

And since Z Z0H was taken as 30°, 
by addition, Z BDG, i.e. arc GB of the ecliptic, equals 31; 14°. 

Here too, in the same way [as before], [see Fig. 3.17], we produce BD and 
drop perpendicular 0L on to it. 



G 

Fig. 3.17 


Then if, first, we take arc GB of the ecliptic, i.e. Z 0DL, as given, from this the 
ratio D0:0L will be given. And since 0D:0Z was also given from the 
beginning, Z0:0L will be given. Hence we will have as given angles 
Z 0ZD, i.e. the equation of anomaly 
and Z Z0D, i.e. arc HZ of the eccentre. 

Or if, secondly, we take the equation of anomaly, i.e. Z 0ZD, as given, then 
conversely, from this Z0:0L will be given. And since Z0:0D was also given 
from the beginning, D0:0L will be given. Hence we will have, as given angles, 
Z 0DL, which corresponds to arc GB of the ecliptic 
and Z Z0H, i.e. arc HZ of the eccentre. 

Similarly, on the previous figure of concentre and epicycle [see Fig. 3.18], we 
cut off arc 0H from the perigee, in the same amount of 30°, join AH and DHB, 
and drop perpendicular HK from H on to AD. 

Then since arc 0H is again 30°, 


Z 0AH = 


30° where 4 right angles = 360° 
60°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle HKA, 
arc HK = 60° 

and arc AK = 120° (supplement). 


H248 
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■} 


where hypotenuse AH = 120 p . 


Z HDK 


Therefore the corresponding chords 
HK = 60*" 
and AK = 103;55 p 

Therefore where AH = 2;30 p and radius AD = 60 p , 

HK = l;15 p , AK - 2; 10" and KD = 57;50 p , by subtraction, 
and since HK 2 + KD 2 = DH 2 , 

DH « 57;51 p where KH = l;15 p . 

Therefore where hypotenuse DH = \2(f 
HK = 2;34 p , 

and, in the circle about DHK, arc HK = 2;27°. 

' !;27°° where 2 right angles = 360°° 

;14° (approximately) where 4 right angles=360°. 
Here too, then, that is the size of the equation of anomaly, i.e. arc AB. 

And since Z KAH was taken as 30°, by addition, Z BHA, which represents 
the apparent motion on the ecliptic [counted from perigee], is 31; 14°. These 
amounts agree with those found for the eccentric [hypothesis]. 

Here too, in the same way [as before], we drop perpendicular AL on to DB 
[see Fig. 3.19]. 

Then if, first, we take the arc of the ecliptic, i.e. Z AHL, as given, from this the 
ratio HA:AL will be given. And since HA: AD was given from the beginning, 
DA:AL will be given. Thence we will have as given angles 
Z ADB, i.e. arc AB, representing the equation of anomaly 
and Z 0AH, i.e. arc ©H of the epicycle. 

Or if, secondly, we take as given arc AB, representing the equation of 


univ, 

f 2;2 
= U;i 
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E 



anomaly, i.e. Z ADB, then, in the same way but in reverse order, from this the 
ratio DA:AL will be given. And since DA: AH is given from the beginning, 
HA:AL will also be given. Hence we will have as given angles 
Z AHL, i.e. the arc of the ecliptic 
and Z 0AH, i.e. arc 0H of the epicycle. 

Thus we have proved what we set out to do. 

In order to have conveniently available the amount of the correction for any 
given position, [we want] to establish a table, subdivided into [appropriate] 
sections, for the computation of the apparent positions from the anomaly. The 
above theorems would allow a wide variety in the form of such a table, 54 but we 
prefer that form in which the argument is the mean motion and the function is 
the equation of anomaly. 55 For this form accords well with the actual theories, 
and it also provides a simple but highly practical way of computing any desired 
result. So using the first set of theorems [i.e. with the eccentric hypothesis] which 
we used in the numerical examples above, we computed geometrically, in the 
way described, for the individual subdivisions [of the circle], the equation of 
anomaly corresponding to the arc of mean motion. In general, both for the sun 
and for the other bodies, we divided the quadrants near the apogee 56 into 15 
subdivisions (thus in these quadrants the interval of tabulation is 6°), and the 

54 Ptolemy means that theoretically one could take as argument either the mean motion (ic), the 
true position (k), or the equation (0). 

55 Literally ‘which contains the equations of anomaly corresponding to the arcs ol mean motion’. 

56 Reading trpdt; totq dutoyetoii; (with all mss.) for Jtpo^ arcoycioK; (misprint in Heiberg) at 

H25L24. Corrected by Manitius. 
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quadrants near the perigee into 30 subdivisions (thus in these the interval of 
tabulation is 3°). The reason is that the differences between [successive] 
equations of anomaly, for equal subdivisions [of the argument], are greater near 
the perigee than near the apogee. 

We shall set out the table of the sun’s anomaly, then, in 45 lines, as before, and 
3 columns. The first two columns will contain the numbers of the mean motion 
through 360°: the first 15 lines will comprise the two quadrants near the apogee, 
the next 30 the two quadrants near the perigee. The third column will contain 
the degrees of equation of anomaly to be added or subtracted, corresponding to 
the appropriate mean motion. The table is as follows. 


H253 


6. (Table of the sun's anomaly] 
[See p. 167.] 


H254 


7. {On the epoch of the sun's mean motion } 0/ 


H255 


It remains to establish the epoch of the sun’s mean motion, in order to be able to 
compute the particular position for any given time. In makingour exposition of 
that matter, we shall again use 38 those positions of the body which we ourselves 
have observed most accurately (this is our general rule both for the sun and for 
the other planets), but we use the mean motions we have derived to compute 
back to the beginning of the reign ofNabonassar for the epochs we establish. For 
that is the era beginning from which the ancient observations are. on the whole, 
preserved down to our own time. 09 

[See Fig. 3.20.] Let the circle concentric with the ecliptic be ABG on centre 
D, and the sun’s eccentre EZH on centre 0, and let the diameter through both 
centres and the apogee E be EAHG. Let B represent the autumnal equinox on 
the ecliptic. Join BZD and Z0, and drop perpendicular 0K from0 on to ZD 
produced. 

Then since B, the autumnal equinox, is located at the beginning of Libra, 
and G, the perigee, at $ 5i°, 

arc BG = 65;30°. 

f 65;30° where 4 right angles = 360° 

~ \ 131°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle D0K, 
arc 0K = 131°, 

and its chord 0K = 109; 12 P where the diameter D0 = 120 p . 


Z BDG = Z 0DK 


57 Sec HAMA 58-60, Pedersen 151-3. 

58 Reading 7roiqoop£0a (with D) for fc7rouioap£0a (‘we used’) at H254,5. It is unclear what 
reading(s) lie behind the Arabic translations. 

59 This statement is borne out not only by the Babylonian observations preserved in the Almagest 
(the earliest of which is the lunar eclipse of-720 Mar. 19, in the 1st yearofMardokempad, or the 27 th 
year of the era Nabonassar, IV 6 p. 191, but also by the extant cuneiform records: the earliest 
surviving astronomical observations (apart from the special case of the Venus tablets of 
Ammisaduqa) are from -651 (Sachsfl] 44). 
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Q 



Therefore where D0 = 5 P and the hypotenuse Z0 = 120 p , 

0K = 4;33 p . 

And, in the circle about right-angled triangle 0ZK, 
arc 0K = 4;20°. 

f 4;20°° where 2 right angles = 360°° 

” [2; 10° where 4 right angles - 360°. 

And we found Z BDG = 65;30°. 

Therefore, by subtraction, Z Z0H (i.e. arc ZH of the eccentre) = 63;20°. 
Therefore, when the sun is at the autumnal equinox, it is 63;20° in mean motion 
H256 in advance of the perigee (i.e. f 5|°), and 116;40° in mean motion to the rear of 
the apogee (i.e. II 5;30°). 

Now that we have established that, among the first of the equinoxes observed 
by us, one of the most accurately determined was the autumnal equinox which 
occurred in the seventeenth year of Hadrian, on Athyr [III] 7 in the Egyptian 
calendar [132 Sept. 25], about 2 equinoctial hours after noon. [From the above 
computation] it is clear that at that time the sun, in its mean motion, was 
116;40° to the rear of the apogee on the eccentre. Now from [the beginningof] the 
reign of Nabonassar [-746 Feb. 26] to the death of Alexander [-323 Nov. 12] is 
a total of424 Egyptian years, and from the death of Alexander to [the beginning 
of] the reign of Augustus [-29 Aug. 31] 294 years, and from the first year of 
Augustus, Thoth 1 in the Egyptian calendar, noon (for we establish all epochs at 
noon), to the seventeenth year of Hadrian, Athyr 7, 2 equinoctial hours after 
noon, is 161 years 66 days 2 equinoctial hours. Therefore the sum total from the 
first year of Nabonassar, Thoth 1 in the Egyptian calendar, noon, up to the time 
of the above autumnal equinox, is 879 Egyptian years 66 days and 2 equinoctial 
H257 hours. In that interval the mean motion of sun is approximately 211 ;25° beyond 
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complete revolutions. Therefore, if to the 116;40°, which is the [sun's] distance 
from the apogee of the eccentre at the above autumnal equinox, we add the 
360° of one revolution, and subtract from the result the 211 ;25° of the increment 
in mean motion over the interval [in question], we find for the epoch in mean 
motion in the first year of Nabonassar, Thoth 1 in the Egy ptian calendar, noon, 
that the sun’s distance in mean motion is 265; 15° to the rear of the apogee. Thus 
its mean position is X 0;45°. 60 


8. [On the calculation of the solar position}* 1 

So whenever we want to know the sun’s position for any required time, we take 
the time from epoch to the given moment (reckoned with respect to the local 
time at Alexandria), and enter with it into the table of mean motion. We add up 
the degrees [and their subdivisions] corresponding to the various arguments 
[ 18-vear periods, years, months, etc.], add to this the elongation [from apogee at 
epoch], 62 265; 15°, subtract complete res olutions from the total, and count the 
result from II 5;30° rearwards through [i.e. in the order of] the signs. The point 
we come to will be the mean position of the sun. Next we enter with the same 
number, that is the distance from apogee to the sun’s mean position, into the 
table of anomaly, and take the corresponding amount in the third column. If 
the argument falls in the first column, that is if it is less than 180°, we subtract 
the [equation] from the mean position: but if the argument falls in the second 
column, i.e. is greater than 180°, we add it to the mean position. Thus we obtain 
the true or apparent [position of the] sun. 


9. {On the inequality in the [solar] days} 6 * 

Such, then, we may say, are the theories concerning the sun alone. Following 
this it seems appropriate to add a brief discussion of the subject of the inequality 
of the solar day. 64 A grasp of this topic is a necessary prerequisite, since the mean 
motions which we tabulate for each body are all arranged on the simple system 
of equal increments, as if all solar days were of equal length. However, it can be 
seen that this is not so. The revolution of the universe takes place uniformly 
about the poles of the equator. The more prominent ways of marking that 
revolution are by its return to the horizon, or to the meridian. Thus one 
revolution of the universe is, clearly, the return of a given point on the equator 
from some place on either the horizon or the meridian to the same place; and a 
solar day, simply defined, is the return of the sun from some point either on the 


“Literally ‘45 minutes of the first degree of Pisces’. 

61 See HAMA 58-61, Pedersen 153-4, and Appendix A, Example 7. 

62 The reading of D,Ar at H257,18, fertoxfte (for arcoxfte) IS possible. The meaning would be the 
same, but one would have to understand ‘[the elongation from apogee] at epoch’, which is rather 
obscure. 

443 See HAMA 61-8, Pedersen 154-8. 

S4 vux0T1M£pov, literally ‘a night plus a day’. See Introduction p. 23. 


H258 


H259 
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horizon or on the meridian to the same point. On this definition, a mean solar 
day is the period comprising the passage of the 360 time-degrees of one 
revolution of the equator plus approximately 0;59 time-degrees, which is the 
amount of the mean motion of the sun during that period; and an anomalistic 
solar day is the period comprising the passage of the 360 time-degrees of one 
revolution of the equator plus that stretch of the equator which rises with, or 
crosses the meridian with, the anomalistic motion of the sun [in that period]. 

This additional stretch of the equator, beyond the 360 time-degrees, which 
crosses [the horizon or meridian] cannot be a constant, for two reasons: firstly, 
because of the sun’s apparent anomaly; and secondly, because equal sections of 
the ecliptic do not cross either the horizon or the meridian in equal times. 
Neither of these effects causes a perceptible difference between the mean and 
the anomalistic return for a single solar day, but the accumulated difference 
over a number of solar days is quite noticeable. 

As far as the effect of the solar anomaly is concerned, the greatest 
H260 [accumulated] difference occurs between the two positions of the sun where its 
[true] speed equals its mean speed. The sum of the [anomalistic] solar days [over 
either of the two such intervals] will differ from the sum of the mean solar days 
[over the same interval] by about 4i time-degrees, and from the sum of 
[anomalistic] solar days over the other [such] interval by twice that amount, 
about 9$ time-degrees. For the apparent motion of the sun over the semi-circle 
containing the apogee is 4*° less than the mean, and its apparent motion over 
the semi-circle containing the perigee is the same amount [4i°] greater than the 
mean. 65 

As far as the effect of the variation in the time taken to cross the horizon at 
rising or setting is concerned, the greatest [accumulated] difference occurs 
between the ends of the semi-circles bounded by the solsticial points. For here 
too the rising-times of either of those semi-circles will differ from the 180° of the 
mean interval by the amount by which the longest or shortest day differs from 
the equinoctial day (measured in time-degrees); and they will differ from each 
other by the amount by which the longest day (or night) differs from the 
shortest. As far as the effect of the variation in the time taken to cross the 
meridian is concerned, the greatest [accumulated] difference will occur 
between two points enclosing two signs which are on either side of either a 
solsticial or an equinoctial point. For the sum of [the rising-times 2 \sphaera recta 
of] the two such signs on either side of a solstice will differ from the mean interval 
by about 4^ time-degrees, and from [the sum of the rising-times of] the two signs 
on either side of an equinox by 9 time-degrees, since the latter fall short of, and 
H261 the former exceed the amount for the mean by about the same quantity. 66 Hence 
we establish the beginning of the solar day at [astronomical] epochs from the 
meridian-crossing of the sun, and not from its rising or setting, since the [time-] 
difference with respect to the horizon can reach several hours, and is not the 
same everywhere but varies according to the difference in longest or shortest 

hS The sun's maximum equation of anomaly is 2;23° (II 6). Thus from mean speed (90° or 270° 
from apogee) to mean speed the mean motion is (2 x 2;23 ** 4l) greater or less than the true. 

66 From the table ol rising-times at sphaera recta , II8, the sum of the rising-times ofe.g. JH and ZZ is 
64;32 (*« 60° + 4f°), while that of e.g. nj? and ^ is 55;40 (** 60° - 4$°). 
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day at the different latitudes, whereas the [time-]difference with respect to the 
meridian is the same at every place on earth, and is no greater than the time- 
variation due to the sun’s anomaly. 

The greatest 67 [accumulated] difference [between mean and anomalistic 
solar days] resulting from the combination of both these effects, namely that due 
to the sun’s anomaly and that due to the [variation in the time of] meridian- 
crossing, occurs over intervals where the above effects are either both additive 
or both subtractive. Now the [maximum] subtractive result from both effects 
occurs over the interval from the middle of Aquarius to [the end of] Libra, and 
the [maximum] additive one over the interval from [the beginning of] 

Scorpio to the middle of Aquarius. Both of these intervals produce a maximum 
additive or subtractive result which is composed of about 3f° due to the effect of 
the solar anomaly, and about 45° due to the [variation in the time of] meridian¬ 
crossing. 68 Thus the maximum difference arising from the combination of both 
the above effects is 83 time-degrees, oriths of an hour, between the [true] solar H262 
days over either of these intervals and the [corresponding] mean solar days, and 
twice as much, 16f time-degrees, or 1§ hours, between the [true] solar days of 
one such interval and those of the other. Neglect of a difference of this order 
would, perhaps, produce no perceptible error in the computation of the 
phenomena associated with the sun or the other [planets]; but in the case of the 
moon, since its speed is so great, the resulting error could no longer be 
overlooked, since it could amount to l of a degree. 69 

Therefore, to state once for all the rule for converting any interval whatever, 
given in [true] solar days (by which I mean days counted from noon to noon or 
midnight to midnight), into mean solar days: we determine the ecliptic position 
of the sun in both mean and anomalistic motion at the beginning and end of the 
given interv al of solar days; then we take the increment , in degrees, from [the 
first] anomalistic (i.e. apparent) position to [the second] apparent position, 
enter with it into the table of rising-times at sphaera recta , and [thus] determine 
the time taken by this apparent distance [of the sun between the first and second H263 
positions] to cross the meridian, measured in degrees of the equator. We then * 
take the difference between this number of time-degrees and the mean distance 
[of the sun from first to second positions], measured in degrees, and convert this 
difference, which is in time-degrees, to a fraction of an equinoctial hour. We 
add the result to the number of [true] solar days given if the amount of the time- 
degrees [corresponding to the rising-time of the apparent motion] was greajter 
than the mean motion, or subtract it if less. The interval we arrive at will be 
corrected for expression in mean solar days. We shall use this type of interval 
particularly in computing the mean motions of the moon from its tables. One 
can immediately comprehend that, given mean solar days, one can find the 
[corresponding] civil solar days, i.e. days defined by simple observation, by 


b7 Reading to tiXeTotov 5ta<popov (with DB 3 Ar) at H261.14 for to Statpopov ('the difference'). 
bU For a graphical verification of the amounts and positions given here by Ptolemy see HAMA III 
Fig. 57 on p. 1222. 

69 The hourly mean motion of the moon (IV 3 p. 179) is about 0;32,56. So in U hours it moves 
0:36.36 *=* |K 




172 III 9. Calculation of equation of time 

performing the above computation of addition or subtraction of time-degrees in 
reverse. 70 

At our epoch, that is, Year 1 of Nabonassar, Thoth 1 in the Egyptian 
calendar, noon, the position of the sun was in mean motion, as we showed just 
above, X 0;45°, and in anomalistic motion about X 3;8°. 71 


'°If we call the interv al in true solar days between times q and t 2 At. and the interval in mean 
solar days AT, then Ptolemy's rule, expressed algebraically, is AT- At + E (E corresponds, in a 
certain sense, to the modem ‘equation of time'), and E = (o (to) ~ a (q)) - (X (t 2 ) - X (t,)). For 
proofs of the validity of this rule see HAMA 65-6, Pedersen 156-7. Pedersen shows that the rule is in 
fact an approximation, since one should take the motion in mean longitude, not over the interval 
(t 2 - t|) = At, but over the interval in mean solar days AT (which is in practice impossible). Since, 
however, the difference between At and AT never exceeds about 33 minutes, during which the sun 
moves less than 2', the error is utterly negligible. For examples of computation see HAMA 63-5 and 
Appendix A, Example 8. 

Ptolemy gives the data for era Nabonassar because they will be required every time one needs 
to compute the lunar position accurately (i.e. in mean solar days) from his tables (e.g. for the series of 
ol>servations of fixed stars w ith respect to the moon in VII 3). Neugebauer notes (HAMA 63) that 
the epoch value for the mean longitude, X 0;45°, seems itself to be corrected for the equation of time, 
since reckoning backwards ‘simply’ from Ptolemy’s observation would give X 0;44° to the nearest 
minute. 



Book IV 


1. {The kind of observations which one must use to examine lunar phenomena } 1 

In the preceding book we treated all the phenomena associated with the sun’s 
motion. We now begin our discussion of the moon, as is appropriate to the 
logical order. In doing so we think it our first duty not to take a naive or 
arbitrary approach in our use of the relevant observations. Rather, to establish 
our general notions [on this topic], we should rely especially on those 
demonstrations which depend on observations which not only cover a long 
period, but are actually made at lunar eclipses. For these are the only 
observations which allow one to determine the lunar position precisely: all 
others, whether they are taken from passages [of the moon] near fixed stars, or 
from [sightings with] instruments, or from solar eclipses, can contain a 
considerable error due to lunar parallax. It is only for particular further 
developments [of the theory] that we should use these other kinds of 
observations for our investigations. For the distance between the sphere of the H266 
moon and the centre of the earth, unlike the distance to the ecliptic, is not so 
great that the earth’s bulk has the ratio of a point to it. Hence it necessarily 
follows that the straight line drawn from the centre of the earth (which is the 
centre of the ecliptic) through the centre of the moon 2 to a point on the ecliptic, 
which determines the true position ([as it does] for all bodies), does not in this 
case always coincide, even sensibly, with the line drawn from some point on the 
earth’s surface, that is, the observer’s point of view, to the moon’s centre, which 
determines its apparent position. Only when the moon is in the observer’s 
zenith do the lines from the earth’s centre and the observer’s eye through the 
moon’s centre to the ecliptic coincide. But when the moon is displaced from the 
zenith position in any way whatever, the directions of the above lines become 
different, and hence the apparent position cannot be the same as the true, but 
[differs from it], as the [line through] the observer’s eye assumes various 
positions with respect to the line drawn through the centre of the earth, [by an 
amount] proportional to the varying angle of inclination [between the two 
lines]. 

This is the reason why in the case of solar eclipses, which are caused by the H267 

1 On Chs 1-3 see HAMA 68-73, 308-15, Pedersen 160-4. 

2 Reading arco xoo KEvxpou xt)<; yffe xouxectxi xou C<p&taicou Sia xou KEVxpoo xffc oeXtivti<; 

(with D, At) for &7io xou KEVXpou xrfc oe^v^c; f the straight line drawn from the moon’s centre’, 
which is nonsense) at H266.5. The error in most Greek mss. is due to haplography, and is an important 
indication that all except D and its descendants come from a single (?Byzantine) ms. Corrected by 
Manitius. 
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moon passing below and blocking [the sun] (for when the moon falls into the 
cone from the observer’s eye to the sun it produces the obscuration which lasts 
until it has passed out [of the cone] again), the same 3 eclipse does not appear 
identical, either in size or in duration, 4 in all places. For the moon does not 
produce obscuration for all observers, for the reasons stated above, and [even 
for those for whom it does produce obscuration] does not appear to obscure the 
same parts of the sun [for all alike]. Whereas in the case of lunar eclipses there is 
no such variation due to parallax, since the observer’s position is not a 
contributory cause to what happens at a lunar eclipse. For the moon’s light is at 
all times caused by the illumination from the sun. Thus when it is diametrically 
opposite to the sun, it normally appears to us as lighted over its whole surface, 
since the whole of its illuminated hemisphere is turned towards us as well [as 
towards the sun] at that time. However, when its position at opposition is such 
that it is immersed in the earth’s shadow-cone (which revolves with the same 
speed as the sun, but opposite it), then the moon loses the light over a part of its 
surface corresponding to the amount of its immersion, as the earth obstructs the 
illumination by the sun. Hence it appears to be eclipsed for all parts of the earth 
H2b8 alike, both in the size [of the eclipse] and the length of the intervals [of the 
various phases]. 

Now to establish our general theory we need to use true, and not apparent, 
positions of the moon; for the ordered and regular must necessarily precede and 
serve as a foundation for the disordered and irregular. So, lor the above reasons, 
we declare that we must not use, for this purpose, observations of the moon into 
which the observer's position enters, but only lunar eclipse observations, since 
[only] in these does the observer's position have no effect on the determination 
of the moon’s position. For it is obvious that, if we find the point on the ecliptic 
which the sun occupies at the time of mid-eclipse (which is, as accurately as we 
can determine, the moment at which the moon's centre is diametrically 
opposite the sun's in longitude), then at the same time of mid-eclipse the precise 
position of the moon’s centre will be the point diametrically opposite. 


2. On the periods oj the moon 

The above may serve as an outline of the kind of observations which must be 
H269 examined to determine the general theory of the moon. We shall now 
endeavour to describe the method which was used by the ancients in their 
attempts at establishing a [lunar] theory, and which we will find a most 
convenient tool in deciding which hypotheses accord with the phenomena. 

The moon’s motion appears anomalistic both in longitude and in latitude: 
the time it takes to traverse the ecliptic is not constant, and neither is the time it 


J Reading xa<; aux&<; (with D, Ar) for xauxaq (‘these eclipses’) at H267,4. Corrected by Manitius. 

4 duration’: the Greek has the vague times’ (xotq xpovoit;). This is elucidated by H268,l xot<; 
xSv Staoxrioetov xP<5vou;,‘the duration of the intervals [of partial and total phases]’. Ptolemy may 
also be alluding, in both places, to the fact that the actual moments ofe.g. the beginning or middle 
ol a solar eclipse are different at different places, and by an amount which does not correspond 
directly to the difference in longitude. 
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takes to return to the same latitude. 5 Now unless one finds the period of its 
return in anomaly it is, necessarily, impossible to determine the period of the 
other motions [in longitude and latitude]. However, from individual observa¬ 
tions it is apparent that the moon's mean speed can occur in any part of the 
ecliptic, as can its greatest speed and its least speed, and that it can reach its 
greatest northern or southern latitude, or appear exactly in the ecliptic, 
anywhere, too. Hence the ancient astronomers, with good reason, tried to find 
some period in which the moon’s motion in longitude would always be the 
same, on the grounds that only such a period could produce a return in 
anomaly. So they compared observations of lunar eclipses (for the reasons 
mentioned above), and tried to see whether there was an interval, consisting of 
an integer number of months, such that, between whatever points one took that 
interval of months, 6 7 the length in time was always the same, and so was the 
motion [of the moon] in longitude, [i.e.] either the same number of integer 
revolutions, or the same number of revolutions plus the same arc. 

The even more ancient [astronomers] used the somewhat crude estimate that 
such a period could be found in 6585? days. For they saw that in that interval 
occurred approximately 223 lunations, 239 returns in anomaly, 242 returns in 
latitude, and 241 revolutions in longitude plus 10?°. which is the amount the 
sun travels beyond the 18 revolutions which it performs in the above time (that 
is when the motion of sun and moon is measured with respect to the fixed stars). 
They called this.interval the ‘Periodic", since it is the smallest single period 
which contains (approximately) an integer number of returns of the various 
motions.' In order to obtain a period with an integer number of days, they 
tripled the 6585? days, obtaining 19756 days, which they called 'Exeligmos’. 
Similarly, by tripling the other numbers, they obtained 669 lunations, 717 
returns in anomaly, 726 returns in latitude, and 723 revolutions in longitude 
plus 32°, which is the amount the sun travels beyond its 54 revolutions. 8 

However, Hipparchus already proved, by calculations from observations 
made by the Chaldaeans and in his time, that the above relationships were not 
accurate. For from the observations he set out he shows that the smallest 
constant interval defining an ecliptic period in which the number of months 
and the amount of [lunar] motion is always the same, is 126007 days plus 1 
equinoctial hour. In this interval he finds comprised 4267 months, 4573 
complete returns in anomaly, and 4612 revolutions on the ecliptic less about 
71°, which is the amount by which the sun’s motion falls short of345 revolutions 
(here too the revolution of sun and moon is taken with respect to the fixed stars). 
(Hence, dividing the above number of days by the 4267 months, he finds the 

5 Reading kot 6 7tXaTO<; (with D) for icata t6 TrXdxog at H269,9. 

‘’‘months’ here means ‘true synodic months’. This is generally true throughout the Almagest 
(except where the context makes it obvious that the reference is strictly calendaric). In the 
translation I usually make the meaning explicit. 

7 This period, generally, but wrongly, called ‘Saros’ in modern times (see Neugebauer[l ]), w^s 
well-known in Babylonian astronomy. See HAMA 497 AT. We do not know to whom Ptolemy refers 
by ‘the even more ancient people’, except that they are earlier than Hipparchus. 

8 The e^£Xtypo<; (meaning ‘turn of the wheel’) is also mentioned by Geminus (Cap. XVIII. ed 
Manitius pp. 200-2), who gi^es exactly the same numbers as Ptolemy, including the exce* • 
sidereal longitude of 32°. 
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mean length of the [synodic] month as approximately 29;31,50,8,20 days). He 
shows, then, that the corresponding interval between two lunar eclipses is 
always precisely the same when they are taken over the above period 
[126007 d l h ]. So it is obvious that it is a period of return in anomaly, since [from 
whatever eclipse it begins], it always contains the same number [4267] of 
months, and 4611 revolutions in longitude plus 352i°, as determined by its 
syzygies with the sun. 

But if one were to look for the number of months [which always cover the 
same time-interval], not between two lunar eclipses, but merely between one 
H272 conjunction or opposition and another syzygy of the same type, he would find 
an even smaller integer number of months containing a return in anomaly, by 
dividing the above numbers by 17 (which is their only common factor). This 
produces 251 months and 269 returns in anomaly. 

However, it was found that the above period [of 126007 d l h ] did not contain 
an integer number of returns in latitude too. For it was apparent that the [pairs 
of] corresponding eclipses exhibited equality only with respect to the interval 
[between the pair] in time and revolution in longitude, but not with respect to 
the size and type of the obscuration, 9 which is the criterion for [a return in] 
latitude. Nevertheless, having already determined the period of return in 
anomaly, Hipparchus again adduces intervals containing [an integer number 
of] months which have at each end eclipses which were identical in every 
respect, both in size and in duration [of the various phases], and in which there 
was no difference due to the anomaly. Thus it is apparent that there is a return 
in latitude too. He shows that such a period is contained in 5458 months and 
5923 returns in latitude. 10 

That, then, is the method which our predecessors used for the determination 
of such [periods]. It is not simple or easy to carry out, but demands a great deal 
of extraordinary care, as we can see from the following considerations. 11 Let us 
grant that [two] intervals [between pairs of eclipses] are found to be precisely 
H273 equal in time. In the first place, this is no use to us unless the sun too exhibits no 
effect due to anomaly, or exhibits the same over both intervals: for if this is not 
the case, but instead, as I said, the equation of anomaly has some effect, the sun 
will not Have travelled equal distances over [the two] equal time-interv als, nor, 
obviously, will the moon. For example, let us suppose that each of the two 
intervals being compared comprises half a year beyond the same number of 
complete years, and that in this time the motion of the sun in the first interval 


9 By 'type' Ptolemy means whether the obscuration lx*gins from the north or south of the lunar 
disk. 

10 Ptolemy's account here is not historically accurate. In fact Hipparchus took from Babylonian 
sources the parameters [l] 1 synodic month = 29:31.50,8.20 a , [2] 251 synodic months = 269 
anomalistic months, and [3] 5458 synodic months = 5923 returns in latitude (Kugler, Babylonische 
Mondmhnung 4-46). Multiplying [2] by 17, be constructed an eel ipse-period (Aalx>e[1955], whence 
HAMA 310-2). An input of some value lor the length oft he year produced the solar motion over this 
period, rounded by Hipparchus to the nearest s-sign (on which see Neugebauer[2], 251). Then 
Hipparchus confirmed (not derived\ as Ptolemy says) the alx>ve by comparison of eclipses from his own 
lime with Babylonian ones 345 years earlier (see Toomerfl 1 ] lor* the method and identification of 
the eclipses he used). 

11 The following (to p. 178) is well explained and illustrated by Xeugebauer, HAMA 71-2. 
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starts from the position of mean speed in Pisces, and in the second interval from 
the position of mean speed in Virgo. 12 Then over the first interval the sun will 
have traversed about 4i° less than a semi-circle [beyond complete revolutions], 
but over the second about 4i° more than a semi-circle. Thus the moon too will 
have traversed over the first interval 1751° beyond complete revolutions and 
over the second 184i°, although both intervals cover an equal time. Therefore 
we define as the first necessary condition [for a return in lunar anomaly] that the 
intervals must exhibit one of the following characteristics with respect to the 
sun: 

[1] It must complete an integer number of revolutions [in both intervals]; or 

[2] traverse the semi-circle beginning at the apogee over one interval and the 
semi-circle beginning at the perigee over the other; or 

[3] begin from the same point [of the ecliptic] in each interval; or 

[4] be the same distance from apogee (or perigee) at the first eclipse of one interval H274 
as it is at the second eciipse of the other interval, [but] on the other side. 13 

For only under one of these conditions will there be no effect due to the 
anomaly, or the same effect over both intervals, so that the arc traversed beyond 
complete revolutions over one interval is equal to that traversed over the other, 
or even equal to the mean motion of the sun [over the intervals] as well. 

Secondly, it is our opinion that we must pay no less attention to the moon’s 
[varying] speed. 14 For if this is not taken into account, it will be possible for the 
moon, in many situations, to cover equal arcs in longitude in equal times which 
do not at ail represent a return in lunar anomaly as well. This will come to pass 

[1] if in both intervals the moon starts from the same speed (either both 
increasing or both decreasing), but does not return to that speed; or 

[2] if in one interv al it starts from its greatest speed and ends at its least speed, 
while in the other interval it starts from its least speed and ends at its gr eatest 
speed; or 

[3] if the distance of [the position of] its speed at the beginning of one interval is 
the same distance from the [position of] greatest or least speed as [the position 
of] its speed at the end of the other interval, [but] on the other side. 15 

In each of these situations there will again be either no effect or the same effect 
[in both intervals] of the lunar anomaly, and hence equal increments in H275 
longitude will be produced [over both intervals], but there will be no return in 
anomaly at all. So the intervals adduced must avoid all the above situations if 


“That is. from the positions where the equation ol anomaly reaches its positive maximum 
(Pisces) and negative maximum (Virgo). Illustrated by HAMA Fig. 59 p. 1223. 

“That is, if the sun has an anomaly of a 0 at the beginning of the first interval, it must have an 
anomaly of (360-a}° at the end of the second interval. This situation (and the others listed here) is 
illustrated by HAMA Fig. 60 p. 1223. 

“Spopcx; is often used in early Greek astronomy for the (varying) amount which the moon travels 
in one day. The earliest example seems to be the ‘Eudoxus’ papyrus (ed. Blass p. 14). Where 
Ptolemy uses 5popo<; for the moon (e.g. V 2, H355.14; V 3, H361.16) ‘speed' seems the l>est 
translation. For a special use of the term by Hipparchus see V 3 p. 224 with n. 14. 

“Illustrated (in the order [1], [3], [2]) by HAMA Fig, 61 p. 1224, which utilizes the lunar 
epicycle model. One must presume that Ptolemy avoids talking in geometrical terms (which is the 
most convenient way to visualize the situation) because he has not yet established a lunar model. 
However, it is hard to give any sense to EKareptoSev (literally ‘on opposite sides’, translated here as 
‘on the other side’) which does not involve an epicycle model. 
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they are to provide us directly with a period of return in anomaly. On the 
contrary, we should select intervals [the ends of which are situated] so as to best 
indicate [whether the interval is or is not a period of anomaly], by displaying the 
discrepancy [between two intervals] when they do not contain an integer 
number of returns in anomaly. Such is the case when the intervals begin from 
speeds which are not merely different, but greatly different either in size or in 
effect. By ‘in size’ I mean when in one interval [the moon] starts from its least 
speed and does not end at the greatest speed, while in the other it starts from its 
greatest speed and does not end at its least speed. For in this case, unless the 
intervals contain an integer number of revolutions in anomaly, the difference in 
the increments in longitude over the two intervals will be very great; when the 
increment in anomaly is about one or three quadrants of a revolution, the 
intervals will differ by twice the [maximum] equation of anomaly. By ‘in effect’ 
I mean when [the moon] starts from mean speed in both positions, not, 
however, from the same mean speed, but from the mean speed during the 
period of increasing speed at one interval, and from that during the period of 
H276 decreasing speed at the other. Here too, if there is not a return in anomaly, there 
will be a great difference in the increment in longitude [over the two intervals]; 
again, when the increment in anomaly is one or three quadrants of a revolution, 
the difference will again amount to twice the [maximum] equation of anomaly, 
and when the increment in anomaly is a semi-circle, the difference will be four 
times that amount. 16 

That is why, as we can see, Hipparchus too used his customary extreme care 
in the selection of the intervals adduced for his investigation of this question: he 
used [two intervals], in one of which the moon started from its greatest speed 
and did not end at its least speed, and in the other of which it started from its 
least speed and did not end at its greatest speed. Furthermore he also made a 
correction, albeit a small one, for the sun’s equation of anomaly, since the sun 
fell short of an integer number of revolutions by about i of a sign, and this sign 
was different, and produced a different equation of anomaly, in each of the two 
intervals. 1 ' 

YVe have made the above remarks, not to disparage the preceding method of 
determining the periodic returns, but to show that, while it can achieve its goal 
if applied with due care and the appropriate kind of calculations, if any of the 
conditions we set out above are omitted from consideration, even the least of 
H277 them, it can fail utterly in its intended effect; and that, if one does use the proper 
criteria in making one’s selection of observational material, it is difficult to find 
corresponding [pail's of eclipse] observations which precisely fulfil all the 
required conditions. 

In any case, when we take the above periodic returns, as determined by 
Hipparchus' calculations, we find that the period [containing an integer 
number] of months has, as we said, been calculated as correctly as possible, and 
has no perceptible difference from the true value. But there is an error in the 


"’These two situations (of maximum effect due to the anomaly when there is not a return in 
anomaly) are illustrated by HAMA Fig. 62 p. 1225. 

‘'On the eclipses used by Hipparchus see Toomerfl 1]. 
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periods of anomaly and latitude, so considerable as to become quite apparent to 
us from the procedures we devised to check these values in simpler and more 
practical ways; we shall soon explain these, in connection with our demon¬ 
stration of the size of the lunar anomaly. But first, for convenience [of 
calculation] in what follows, we set out the individual mean motions [of the 
moon] in longitude, anomaly and latitude, in accordance with the above 
periods of their returns, and [also the mean motions] calculated on the basis of 
the corrections which we shall derive later. 18 

3. {On the individual mean motions of the moon } H278 

If, then, we multiply the mean daily motion of the sun which we derived, ca. 
0;59,8,17,13,12.3l O/d , by the number of days in one [mean synodic] month, 
29;31,50,8,20 d , and add to the result the 360° of one revolution, we will get the 
mean motion of the moon in longitude during one synodic month as ca. 

389;6,23,1,24,2,30,57°. Dividing this by the above number of days in a month, 
we get the mean daily motion of the moon in longitude as ca. 

13; 10,34,58,33,30,30°. 

Next, multiplying the 269 revolutions in anomaly by the 360° of one 
revolution, we get 96840°. Dividing this by the number of days in 251 months. 
7412;10,44,51,40 d , we get the mean daily motion in anomaly as 
13:3,53,56,29,38,38°. 

Similarly, multiplying the 5923 returns in latitude by the 360° of one 
revolution, we get 2132280°. Dividing this by the number of days in 5458 H279 

months, 161177:58,58,3,20 d . we get the mean daily motion in latitude as 
13;13,45,39,40,17,19°. 

Next, subtracting the mean daily motion of the sun from the mean daily 
motion of the moon in longitude, we get the mean daily motion in elongation as 
12:11,26,41,20,17,59° 

However, from the methods which, as we said, we shall employ in what " 
follows for investigation of this topic, we find that the mean daily motion in 
longitude (and hence, obviously, that in elongation), is practically identical to 
the above, but the mean daily motion in anomaly is 0;0,0,0,11,46,39° less: thus it 
is 13;3,53,56,17,51,59°; and the mean daily motion in latitude is0,0,0,0,8,39,18° 
more; thus it is 13; 13,45,39,48,56,37°. 19 

Using the latter daily motions, and taking 23 th of each, we get the following 
mean hourly motions: 

in longitude: 0;32,56,27,26,23,46,15° 

in anomaly: 0;32,39,44,50,44,39,57,30° 

in latitude: 0,33,4,24,9,32,21,32,30° 

in elongation: 0;30.28,36,43,20,44,57,30°. H280 

18 Ptolemy’s corrections to the mean motions in anomaly and latitude, given below, are 
justified at IV 7 (p. 204) and IV 9 (p. 207). 

19 All the above computations have been carried out very precisely, and are correct to the nearest 
sixth (60 -6 degree). In the following computations of the mean motions for the greater units, 
however, Ptolemy operates as if the last place in the mean daily motions were precisely correct, 
i.e. no account is taken of the accumulated error for months, years, etc. 
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H281 


Multiplying the daily motions by 30 and subtracting complete revolutions, 
we get the following monthly mean increments: 

in longitude: 35;17,29,16,45,15° 

in anomaly: 31;56,58,8,55 r 59,30° 

in latitude: 36:52.49,54.28,18,30 o2 ° 

in elongation: 5;43,20,40,8,59,30°. 

Next, multiplying the daily motions by the 365 days of the Egyptian year, 
and subtracting complete revolutions, we get the following yearly mean 
increments: 

in longitude: 129;22,46,13,50,32,30° 

in anomaly: 88;43,7,28,41,13,55° 

in latitude: 148;42,47,12,44,25,5° 

in elongation: 129,37,21,28,29,23,55°. 

Next, multiplyingthe yearly motions by 18 (this number is chosen, as we said, 
for convenience in tabulation), after subtracting complete revolutions we get 
the following mean increments over an eighteen-year period: 
in longitude: 168;49.52.9.9,45° 

in anomaly: 156:56,14,36,22,10,30° 

in latitude: 156;50,9,49,19,31,30° 

in elongation: 173:12,26,32,49,10,30° 

As in the case of the sun, we will again set out three tables arranged in 45 lines, 
with 5 columns in each. The first column will contain the time-divisions 
appropriate to each table, in the first table the 18-vear periods, in the second the 
years, again followed by the hours, in the third the months, again followed by 
the days. The remaining four columns will contain the degrees [and their 
subdivisions] corresponding to the appropriate argument: the second column, 
longitude, the third, anomaly, the fourth, latitude, and the fifth, elongation. 
The layout of the tables is as follows. 
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4.{ Tables of the mean motions of the moon } 
[See pp. 182-7.] 


H294 5. { Thai in the simple hypothesis of the moon , too, the same phenomena are produced 

by both eccentric and epicyclic hypotheses } 21 

Our next task is to demonstrate the type and size of the moon’s anomaly. For the 
time being we shall treat this as if it were single and invariant. 22 It is apparent 
that this anomaly, namely the one with a period corresponding to the above 
period of return, is the only one which our predecessors (just about all of them) 

20 Reading X for Xa (*31*) in the last place at H280.5, with D, Ar (cf. also the tables IV 4). 
Corrected by Manitius. 

21 See Pedersen 166-7. 

22 Reading xa\ ttj<; afttrfc (with BD) for Taorrjg ( 4 as if this were single') at H294,6. Ar read 
tautriq. 
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have hit upon. Later, however, we shall show that the moon also has a second 
anomaly, linked to its distance from the sun; this [second anomaly] reaches a 
maximum round about both [waxing and waning} half-moons, and goes 
through its period of return twice a month, [being zero] precisely at conjunction 
and opposition. 23 We adopt this order of procedure in our demonstration 
because it is impossible to determine the second [anomaly] apart from the first, 
which is always combined with it, whereas the first can be found apart from the 
second, since it is determined from lunar eclipses, at which there is no 
perceptible effect of the anomaly connected with [the distance from] the sun. 

In this first part of our demonstrations we shall use the methods of establishing 
the theorem which Hipparchus, as we see, used before us« 24 Wetoo, using three 
lunar eclipses, shall derive the maximum difference from mean motion and the 
epoch of the [moon’s position] at the apogee, on the assumption that only this 
[first] anomaly is taken into account, and that it is produced by the epicyclic 
hypothesis. It is true that the same phenomena would result from the eccentric 
hypothesis, but we shall find the latter more suitable to represent the second 
anomaly, which is connected with the sun, when we come to combine both 
anomalies. However, the same phenomena will in all cases result from both the 
hypotheses we have described, whether, as in the situation described for the sun, 
the period of return in anomaly and the period of return in the ecliptic [i.e. in 
longitude] are both equal, or whether, as in the case of the moon, they are 
unequal, provided only that the ratios [of epicycle to deferent and eccentricity 
to eccentre] are taken as identical. We can see this from the following, in which 
we use the above-mentioned simple anomaly of the moon for our examination. 

Since the moon completes its return with respect to the ecliptic sooner than its 
return with respect to this anomaly, it is clear that, in the epicyclic hypothesis, 
over a given period of time, the epicycle will always traverse a greater arc 25 of 
the circle concentric to the ecliptic than the arc of the epicycle traversed by the 
moon in the same time; in the eccentric hypothesis, the arc traversed by the 
moon on the eccentre will be similar to the arc traversed by it on the epicycle [in 
the epicyclic hypothesis], while the ec centre will move about the centre of the 
ecliptic in the same direction as the moon by an amount equal to the increment 
of the motion in longitude over the motion in anomaly [in the same time] (this 
corresponds to the increment of the arc of the deferent over the arc of the 
epicycle [in the epicyclic hypothesis]). In this way we can preserv e the equality 
of the periods of both motions [i.e. in longitude and anomaly], as well as 
equality of the ratios, in both hypotheses. 

With the above as a necessary basis (as is obvious from logic), let [Fig. 4.1] the 
circle concentric with the ecliptic be ABG on centre D and diameter AD, and 
let the epicycle be EZ on centre G. Let us suppose that when the epicycle was at 
A, the moon was at E, the apogee of the epicycle, and that in the same time as 
the epicycle has traversed arc AG, the moon has traversed arc EZ. Join ED, GZ. 

23 Reference to V 2-4. 

24 On Hipparchus' determination of the lunar parameters see further IV II, Toomer(8] and 
Toomer(2]. 

25 ‘a greater arc’: literally ‘an arc greater than the one similar to [the arc]’. 
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IV 4. Lunar mean motion tables 


TABLES OF THE MOON S MEAN MOTIONS 


18-Year 

Periods 


Increment in Longitude 
{Epoch Position:] S il;22° 


Increment in Anomaly 
(Epoch Position:] 268;49° 


18 

168 

36 

337 

54 

146 



315 19 28 36 39 

124 9 20 45 48 

292 59 12 54 58 

101 49 5 4 8 

270 38 57 13 18 

79 28 49 22 27 


156 56 

313 52 

110 48 


267 44 

64 41 

221 37 


18 33 

175 29 

332 26 

129 22 

286 18 


14 36 

29 12 


42 14 

56 50 

11 27 

26 3 

40 40 

55 16 


9 52 

24 29 



22 10 30 

44 21 0 

6 31 30 


28 42 0 

50 52 30 

13 3 0 


35 13 30 

57 24 0 

19 34 30 

41 45 0 

3 55 30 

26 6 0 


48 16 30 

10 27 0 

32 37 30 


54 48 0 

16 58 30 

39 9 0 


li 59 30 i 44 



260 

46 

43 

49 

3 

45 

0 


69 

36 

35 

58 

13 

30 

0 


238 

26 

28 

7 

23 

15 

0 



47 16 20 16 33 

216 6 12 25 42 

24 56 4 34 52 


45 56 44 2 

35 48 53 12 

25 41 2 21 


15 33 11 31 

5 25 20 41 

55 17 29 51 


45 9 39 0 

35 I 48 10 

24 53 57 20_ 

14 46 6 30 

4 38 15 39 

54 30 24 49 
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18-Year 
Periods 

o 

18 

156 

36 

313 

54 

110 


Increment in Latitude 
[Epoch Position:] 354;15° 


50 9 49 

40 19 38 

27 


Increment in Elongation 
[Epoch Position] 70;37° 





| 49 | 46 11 16 42 0 

12 44 5 52 30 

319 I 14 I 39 16 55 3 0 


132 27 5 49 44 13 30 

305 39 32 22 33 24 0 

118 51 58 55 22 34 30 



H n K3 I 

KSKIEjO 


6 

37 

10 

58 

30 

16 

26 

30 

30 

0 

26 

15 

50 

1 

30 



7 13 45 54 29 4 30 

164 3 55 43 48 36 0 


5 33 8 7 

15 22 27 39 

25 11 47 10 


71 24 35 I 6 42. 0 

228 14 44 50 26 13 30 

25 4 54 39 45 45 0 




48 23 

0 49 

13 16 


329 25 

142 38 

315 50 


129 3 2 

302 15 29 

115 27 55 


51 46 4 30 
24 35 15 0 



35 51 57 0 

8 41 7 30 

41 30 18 0. 



774 

263 

792 

60 

810 

217 


88 17 41 

261 30 8 

74 42 34 


55 1 

7 28 

19 54 


52 47 0 0 

25 36 10 30 

58 25 21 0 


31 14 31 30 

4 3 42 0 

36 52 52 30 

























































Increment in Longitude 


Increment in Anomaly 




32 

56 

27 

j 26 

23 

5 

52 

54 

52 | 

47 

38 

49 

22 

19 1 

11 



50 

35 

12 

4 

46 

23 


23 

31 

39 

31 

10 

10 


56 

28 

6 

57 

33 

56 


5 29 24 34 23 57 42 

I 6 2 21 l ‘ 50 21 28 

I 6 35 17 29 I 10 45 15 


7 8 ! 13 56 i 43 i 9 l 

! 7 41 | 10 24 | 9 | 32 i 47 
I 8 14 ! 6 51 i 35 56 I 33 



10 25 52 41 21 31 38 

10 58 49 8 47 55 25 

11 31 45 36 14 19 11 


12 4 42 3 40 42 57 

12 37 38 31 7 6 43 

13 10 34 58 33 30 30 


0 32 39 | 44 j 50 44 40 

1 5 19 29 I 41 29 20 

1 37 59 I 14 I 32 14 0 




7 1 4 36 : 42 i 59 40 39 

7 I 37 16 ! 27 I 50 I 25 19 

8 j 9 56 j 12 | 41 I 9 59 


8 42 35 57 j 31 54 39 

9 15 15 42 i 22 39 19 

9 47 55 27 i 13 23 59 


10 20 35 12 4 8 39 

10 53 14 56 54 53 19 

11 25 54 41 45 37 59 
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Increment in Longitude 


Increment in Anomaiv 



33 

3 

! 38 

50 

55 

37 

8 

47 

36 

26 

39 

35 

44 

31 

34 

2 

23 

33 


6 20 15 

2 38 7 

8 55 59 




























































Increment in Latitude 


Increment in Elongation 


5 43 20 40 8 59 30 

11 26 41 20 17 59 . 0 

17 10 2 0 26 58 30 




9 

49 

21 

18 

9 

30 

2 

39 

15 

46 

28 

0 

6 

29 

10 

14 

46 ! 

30 


Increment in Latitude 


3 

24 

41 

2 

56 

30 

46 

45 

21 

11 

56 

0 

30 

6 

1 

20 

55 

30 



Increment in Elongation 


13 45 39 

27 31 19 

41 16 59 

55 2 ~39~ 

8 48 19 

22 33 58 

36 19 38 

50 5 18 

3 50 58 

17 36 38 

31 22 17 

45 7 57 


48 56 37 

37 53 14 

26 49 51 

15 46 28 

4 43 5 

53 39 42 

42 36 19 

31 32 56 

20 29 33 

9 26 "hT 

58 22 47 

47 19 24 


11 

26 

41 

20 

17 

59 

22 

53 

22 

40 

| 35 

58 

34 

20 

4 

0 

53 

57 

45 

46 

45 

21 

i n 

56 

57 

13 

26 

41 

1 29 

i 55 

8 

40 

' 8 

1 

47 

54 


jj JU 
0 12 

~26 53~ 

53 34 

20 16 


46 57 

13 38 



42 23 52 

2 41 51 

22 59 50 

43 17 49 

3 35 48 


23 53 47 

44 11 46 

4 29 45 



2 44 35 56 45 34 

16 30 15 45 42 11 
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Then, since arc AG >arc EZ, 

cut off arc BG || arc EZ, and join BD. 

Then it is clear that, in the same time, the eccentre will have moved through 
H297 Z ADB, which represents the difference between the two motions, and its centre 
and apogee will lie along line BD. 

This being so, let DH = GZ. Join ZH, and with centre H and radius HZ draw 
the eccentre Z@. 

I say, that 

ZH:HD = DG:GZ, 

and that in this hypothesis too the moon will be at point Z, i.e. 
arc Z© || arc EZ. 

[Proof:] Since Z BDG = Z EGZ, GZ is parallel to DH. 

But GZ s DH [by construction]. 

Therefore ZH too is equal and parallel to GD. 26 

ZH:HD = DG:GZ. 

H298 Furthermore, since DG is parallel to HZ, 

Z GDB = Z ZH0; 
and, by hypothesis, Z GDB = Z EGZ. 

arc Z0 || arc EZ. 

Therefore the moon has reached point Z in the same time according to either 
hypothesis, since the moon itself has traversed arc EZ on the epicycle and arc 
0Z on the eccentre, which we have shown to be similar, while the epicycle 


26 Euclid I 33: straight lines joining equal and parallel lines are themselves equal and parallel. 
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centre has moved through arc AG, and the centre of the eccentre through arc 
AB, which is the increment of arc AG over arc EZ. 

Q.E.D. 

Moreover, even if [the members of] the ratios are unequal, and the 
eccentre is not the same size as the deferent, the same phenomena will result, 
provided the ratios are similar, as will be clear from the following. 

Draw each of the hypotheses in a separate figure. Let [Fig. 4.2] the circle 
concentric to the ecliptic be ABG on centre D and diameter AD, and the 
epicycle EZ on centre G. Let the moon be at Z. Let [Fig. 4.3] the eccentre be 
H0K on centre L and diameter 0LM, with the centre of the ecliptic at M. Let H299 
the moon be at K. In the first figure join DGE,GZ,DZ, and in the second figure 
join HM, KM, KL. 

Let DG:GE = 0L:LM. 

Let us suppose that in the same time as the epicycle has moved through 
Z ADG, the moon has again moved through Z EGZ, the eccentre through 
Z HM0, and the moon, again, through Z 0LK. 

Therefore, because of the assumed relationship between the motions, 

Z EGZ = Z 0LK, 


fl 



and Z ADG = Z HM© + Z ©LK. 

This being so, I say that the moon will again appear to have traversed an equal 
arc in the same time according to either hypothesis, i.e. 

Z ADZ = Z HMK 

(for at the beginning of the time-interval the moon was at the apogee and 
appeared along lines DA and MH, while at the end it was at points Z and K and 
appeared along lines ZD and MK). 

[Proof;] Let arc BG again be similar to arc 0K (or arc EZ). Join BD. 

Then, since DG:GZ = KL:LM, 
and the angles at G and L are equal, 
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IV 6. Derivation of lunar anomaly from 3 eclipses 
0 



triangle GDZ ||| triangle KLM (sides about equal angles proportional), and the 
angles opposite the corresponding sides are equal. 

Z GZD = Z LX1K. 

But Z BDZ = Z GZD. 

lor GZ is parallel to BD. since, by hypothesis, Z ZGE = Z BDG. 

■*. Z ZDB = Z LMK. 

But. by hypothesis, Z ADB, the difference between the motions [in longitude and 
anomaly] equals Z HM0, the motion of [the centre ol] the eceemre. Therefore, 
by addition, 

Z ADZ = Z KMH. 


Q.ED. 


6. J Demonstration oj the first, simple anomaly of the moon} 1 ' 

Let the preceding suffice us as preliminary theory. We shall now demonstrate 
H301 the lunar anomaly in question, by means of the epicyclie hypothesis, for the 
reason mentioned. [For this purpose] we shall use, first, among the most ancient 
eclipses available to us, three [which we have selected] as being recorded in an 
unambiguous fashion, and, secondly, [we shall repeat the procedure] using, 
among contemporary eclipses, three which we ourselves have observed very 
accurately. In this way our results will be valid over as long a period as possible, 
and in particular it will be apparent that approximately the same [maximum] 
equation of anomaly results from both demonstrations, and that the increment 
in the mean motions [between the two sets of eclipses] agrees 28 with that 
computed from the above periods (as corrected by us). 


27 See HAMA 73-8, Pedersen 169-79: 

28 Reading av^itptovex; (with D, Ar) for aujuptavcx; del (‘always agrees’) at H301,10. 
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IV 6. The Babylonian eclipse triple 

For the purposes of demonstrating the first anomaly, considered separately, 
the epicyclic hypothesis which we mentioned can be described as follows. 

Imagine a circle in the sphere of the moon which is concentric to and lies in the 
same plane as the ecliptic. Inclined to this, at an angle corresponding to the 
amount of its [maximum] deviation in latitude, is another circle, which moves 
uniformly in advance (with respect to the centre of the ecliptic) with a speed 
equal to the difference between the motions in latitude and longitude. On this 
inclined circle we suppose the so-called ‘epicycle’ to be carried, with a uniform 
motion, towards the rear with respect to the heavens, corresponding to the 
motion in latitude. (This motion, obviously, will represent the [mean] motion in H302 
longitude with respect to the ecliptic). On the epicycle itself [we suppose] the 
moon to move, in such a way that on the arc near the apogee its motion is in 
advance with respect to the heavens, at a speed corresponding to the period of 
return in anomaly. However, for the purposes of the present demonstration we 
shall sulfer no ill consequences if we neglect the advance motion in latitude and 
the inclination of the moon's orbit, since such a small inclination has no 
noticeable effect on the position in longitude. 29 

First, the three ancient eclipses which are selected from those observed in 
Babylon. 

The first is recorded as occurring in the first year of Mardokempad, Thoth [I] 

29/30 in the Egyptian calendar [-720 Mar. 19/20]. The eclipse began, it says, 
well over an hour after moonrise, and was total. 

Now since the sun was near the end of Pisces, and [therefdre] the night was 
about 12 equinoctial hours long, the beginning of the eclipse occurred, clearly, 

4? equinoctial hours before midnight, and mid-eclipse (since it was total) 2i 
hours before midnight. 30 Now we take as the standard meridian for all time deter¬ 
minations the meridian through Alexandria, which is about l of an equinoctial H303 

hour in advance [i.e. to the west] of the meridian through Babylon. 31 So at 
Alexandria the middle of the eclipse in question was 31 equinoctial hours before 
midnight, at which time the true position of the sun, according to the [tables] 
calculated above, was approximately X 24 4°. 

The second eclipse is recorded as occurring in the second year of the same 
Mardokempad, Thoth [I] 18/19 in the Egyptian calendar [-719 Mar/8/9]. 

The [maximum] obscuration, it says, was 3 digits 32 from the south exactly at 
midnight. So, since mid-eclipse was exactly at midnight at Babylon, it must 


29 I.e. lor the purposes of computing the longitude the moon s orbit is treated as if it lay in the 
plane of the ecliptic. The maximum resulting error (fort =* 5°) is about 6' (cf. HAMA 83). Ptolemy 
himself (VI 7 p. 297) estimates it as 5'. 

30 A total eclipse of the moon is assumed to last 4 hours from start to finish. This agrees fairly well 
with the duration one derives from Ptolemy’s own eclipse tables (VI 8) and with the actual 
maximum possible duration. The duration of the eclipse in question (Oppolzer no. 741) was in fact 
about 3l h . 

31 This time difference corresponds to a longitudinal difference of 12l°. The actual time difference 
is about 581 minutes. In the Geography Ptolemy amended the difference, in the right direction but by 
far too much, to li hours (8.20.27), corresponding to the difference between the longitudes there- 
assigned to Alexandria (60!°, 4.5.9) and Babylon (79°, 5.20.6). 

32 Modern calculations give a considerably smaller eclipse: Oppolzer (no. 743) 1.6 digits, P.V. 
Neugebauer 1.5 digits. However Ptolemy’s own tables give about 2l digits: see Appendix A, 
Example 11. 
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have been | h before midnight at Alexandria, at which time the true position of 
the sun was X 134°. 

The third eclipse is recorded as occurring in the (same) second year of 
Mardokempad, Phamenoth [VII] 15/16 in the Egyptian calendar [-719 Sept. 
1/2]. The eclipse began, it says, after moonrise, and the [maximum] 
obscuration was more than half [the disk] from the north. So, since the sun was 
near the beginning of Virgo, the length of night at Babylon was about 11 
equinoctial hours, and half the night was 5i [equinoctial] hours. Therefore the 
beginning of the eclipse was about 5 equinoctial hours before midnight (since it 
began after moonrise), and mid-eclipse about 3{ hours before midnight (for the 
total time for an eclipse of that size must have been about 3 hours). 33 So in 
Alexandria mid-eclipse occurred 4j equinoctial hours before midnight, at 
which time the true position of the sun was about W 3i°. 

Then it is clear that the motion of the sun (which is the same as that of the 
moon apart from complete revolutions) is 

from the middle of the first eclipse to the middle of the second: 349:15° 
from the middle of the second eclipse to the middle of the third: 169:30°. 

The time intervals are: 

{ 354 d 2i h reckoned simply 
345 d 2reckoned in mean solar days 
176 d 20i h reckoned simply 
176 d 2$ h reckoned in mean solar days. 
Over such short intervals it will make no appreciable difference if one uses 
approximate periods [to determine the moon’s mean motions]. 34 The moon’s 
mean motions are, then, (beyond complete revolutions), approximately 

306;25° in anomaly 
345;51° in longitude 
150;26° in anomaly 
170;7° in longitude. 

Thus it is clear that the motion on the epicycle of 306:25° over the first 
interval has produced an increment of [349; 15° - 345;51°=] 3;24° over the 
mean motion, and the motion [on the epicycle] of 150;26° over the second 
interval has produced a decrement from the mean motion of [169;30° - 
170;7°=] 0:37°. 

With the above as data, let [Fig. 4.4] the moon’s epicycle be [circle] ABG, on 


from first to second 


from second to third 


in 354 d 2io h 
in 176“ 20j h 


f 


M At a lunar eclipse the moon is diametrically opposite the sun. Therefore moonrise coincided 
with sunset, which was 5l equinoctial hours before midnight. Ptolemy allows i-hour to account tor 
after moonrise'. He estimates a duration of 3 hours lor an eclipse of more than 6 digits (according to 
Oppolzer, no. 744, this eclipse had a magnitude of 6.4 digits and a duration of about 2;36 h ; P.V. 
Neugebauer calculates 6.1 digits and 2.4 h ). Obviously this eclipse is hardly ‘recorded in an 
unambiguous fashion’ (p. 190). 

H This is a point of methodology. Ptolemy’s mean motion tables are based, not on the exact 
periods he took from Hipparchus, but (lor the anomaly) on a correction applied to the number 
derived from those periods (IV 7). However, the correction is itself based in part on the parameters 
derived here. It is therefore important to note that the correction makes no difference over the short 
intervals considered here (between the first and second eclipses it is only about 1 second of arc). 
From IV 11 it is clear that Hipparchus had already established the principle that it was necessary to 
use an eclipse triple close in time, so that any long-term error in the mean motions would have a 
minimal ellect. 
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B 



which point A is the location of the moon at the middle of the first eclipse, B its 
position at the middle of the second eclipse, and G its position at the middle of 
the third eclipse. We must imagine the moon to move on the epicycle from B to 
A and from A to G in such a way that arc AGB, which is its increment in motion 
between the first and second eclipses, is 306;25° and produces an increment of 
3;24° over the mean motion, while arc BAG, which is its increment in motion H306 
between the second and third eclipses, is 150;26°, and produces a decrement of 
0:37° from the mean motion. Hence the motion from B to A is 53;35° and 
produces a decrement of 3;24° from the mean motion, and the motion from A to 
G is 96:51° and produces an increment of 2;47° over the mean motion. 

Now the perigee of the epicycle cannot lie on arc BAG. This is clear because 
this arc has a subtractive effect, and is less than a semi-circle, while the greatest 
speed occurs at the perigee. Since, then, [the perigee] necessarily lies on arc 
GEB, 35 let us take the centre of the ecliptic, which is also the centre of the 
deferent, as point D, and draw lines DA, DEB and DG to the points 
representing [ the positions of the moon at] the three eclipses. In order to make the 
sequence of the proof readily transferable for computations of this kind, 
whether we use the epicyclic hypothesis (as now) for our demonstration, or the 


<5 For a detailed argument about the location of the observer with respect to the points on the 
epicycle representing the three eclipses see HAMA 74. 
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IV 6. Construction of figures for both hypotheses 

eccentric hypothesis, in which case [see Fig. 4.5] centre D is taken inside the 
circle, we give the following generally applicable description. 

Produce one of the three straight lines drawn [DA,DB,DG] to the opposite 
H307 circumference (in this case we already have DEB drawn to E from point B of the 
second eclipse), and draw a line joining the points of the other two eclipses (here 
AG). From the point where the first line produced cuts the circumference again 
(here E) draw lines to the other two points (here EA, EG), and [from the same 
point] drop perpendiculars on to the lines between the other two points and the 
centre of the ecliptic (here EZ on to AD and EH on to GD). From one of these 


B 
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two points (here G) drop a perpendicular on to the line drawn from the other 
(here A) to the extra intersection [with the circumference] (here E) resulting 
from [the first straight line, DB,] being produced (in this case, we drop G0 on to 
AE). Whichever point we start drawing the figure from, we shall find that the 
same ratios result from the numbers used in the demonstration. Our choice [of 
starting-point] is guided merely by convenience. 

So, since we found that arc BA subtends 3;24° of the ecliptic, 

_ f 3;24° where 4 right angles =360° 

\ 6;48°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle DEZ. 
arc EZ = 6;48° 

and EZ = where hypotenuse DE = 120 P . 


the angle at its centre, Z BDA 



i 


120 p . 
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Similarly, since arc BA = 53;35, 
the angle [it subtends] at the circumference, 

Z BEA = 53;35°° where 2 right angles = 360°°. 

But, in the same units, Z BDA = 6;48°°. 

Therefore, by subtraction, Z EAZ = 46;47°° in the same units. 

Therefore in the circle about right-angled triangle AEZ, 
arc EZ = 46;47° 

and EZ = 47;38,30 p where hypotenuse EA = 120 p . 
Therefore where EZ = 7;7,O p and ED = 

AE = 17;55,32 p . 

Again, since arc BAG subtends 0;37° of the ecliptic, 

... . I 0;37° where 4 right angles = 360° 

& [ 1;14°° where 2 right angles = 360°°. 

Therefore in the circle about right-angled triangle DEH, 
arc EH = 1;14° 

and EH = l;17,30 p where hypotenuse DE 
Similarly, since arc BAG = 150;26°, 
the angle [it subtends] at the circumference, 

Z BEG = 150:26°° where 2 right angles = 360°°. 

But Z BDG = 1;14°° in the same units. 

Therefore, by subtraction, Z EGD = 149; 12°°. 

Therefore in the circle about right-angled triangle GEH, 
arc EH = 149:12° 

and EH = 115;41,2I P36 where hypotenuse GE = 120 p . 
Therefore where EH = l;17,30 p and DE = 120 p , 

GE = l;20,23 p , 

and, as we showed, EA = 17:55,32 p in the same units. 

Again since, as we showed, arc AG = 96;51°, 
the angle [subtended by it] at the circumference, 

Z AEG = 96;51°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle GE©, 
arc G0 = 96:51° 

and arc E© = 83;9° (complement). 

So the corresponding chords 

G© = 89;46,14 p l 
and E© = 79;37,55 P J 
Therefore where GE = l;20,23 p 
G© = 1;0,8 P 
and E© = 0;53,21 p . 

And, in the same units, the whole line EA was found to be 17;55,32 p . 
Therefore, by subtraction, ©A = 17;2,ll p where G0 = 1;0,8 P . 

And the square on A© is 290; 14,19 
while the square on G© is 1 ;0,17. 

But AG 2 = A© 2 + G© 2 = 291; 14,36. 

i6 115;4i,24 (as L) may be correct at H309,I0 (computed: 115;41,28). It makes no difference t 
subsequent calculations whether one adopts 21, 24 or 28. 
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where hypotenuse GE = 120 p . 
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Therefore AG = 17;3,57 p where DE = 120 p and GE = l;20,23 p . 

But, where the diameter of the epicycle is 120 p , AG = 89;46,14 p 
(for it subtends arc AG, which is 96;51°). 

Therefore where AG = 89;46,14 p and the epicycle diameter is 120 p , 

DE = 631;13,48 p 
and GE = 7;2,50 p . 

Therefore arc GE of the epicycle = 6;44,1°. 

And, by hypothesis, arc BAG = 150;26°. 

Therefore, by addition, arc BGE = 157; 10,1°, 

H311 so its chord, BE = 117;37,32 p where the epicycle diameter is 120 p and ED = 
631; 13,48 p . 

Now if we had found BE equal to the diameter of the epicycle, the epicycle 
centre would, obviously, lie on it, and we would immediately get the ratio 
between the diameters [of epicycle and deferent]. Since, however, it is less than 
the diameter, and also arc BGE is less than a semi-circle, it is clear that the 
centre of the epicycle will fall outside segment BAGE. 

Let it be [Fig. 4.6] in point K, and draw the line DMKL from D, the centre of 
the ecliptic, through K. Thus point L represents the apogee of the epicycle and 
M its perigee. Then 

BD.DE = LD.DM; 17 



37 Euclid III 36: the rectangle contained by any line drawn from a point outside the circle and the 
segment of that line outside the circle equals the square on the tangent to the circle from that point. 
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and we have shown that where the epicycie diameter LKM = 120 p , 

BE = 117;37,32 p and ED = 631;13,48 p . 

Therefore, by addition, BD = 748;51,20 p . 

Therefore LD.DM = BD.DE = 472700;5,32 p . 

Furthermore, since LD.DM + KM 2 = DK 2 , 38 
and the radius of the epicycle, KM = 60 p , 

KM 2 = 3600 p , 

and DK 2 = 472700;5,32 p + 3600 p = 476300;5,32 p . 
Therefore DK, the radius of the deferent circle concentric to the ecliptic, is 
690;8,42 p where KM, the radius of the epicycle, is 60 p . 

So, where the radius of the deferent, the centre of which coincides with the 
observer, is 60 p , the radius of the epicycle is about 5;13 p . 

Repeating the same figure [Fig. 4.7], drop perpendicular KNX from centre K 
on to BE, and join BK. 

Now, where DK = 690;8,42 p , 
we found that DE = 63l;13,48 p 

and NE = jBE = 58;48,46 p . 

Therefore, by addition, DEN = 690;2,34 p . 



D 


Fig. 4.7 

38 Euclid II6: if a straight iine(LM) be bisected and a straight line (DM) added to it, the rectangle 
contained by the whole plus the added line (LD) and the added line (DM), together with the square 
on the half (KM 2 ) is equal to the square on the line (DK) made up of the half (KM) and the added 
line (DM). 
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Therefore in the circle about right-angled triangle DNK, 

DN = 119;58,57 p where hypotenuse DK = 120 p , 
and arc DN« 178;2°. 

. / nKN - i 178;2°° where 2 right angles = 360°° 

\ 89; 1° where 4 right angles = 360°. 
Therefore arc XM of the epicycle = 89; 1°, 

and arc LBX = 90;59° (complement), 
and arc XB = 1 arc BXE = 78;35° (for arc BE was determined [p. 196] 

as about 157; 10°). 

Therefore, by subtraction, arc LB of the epicycle, which is the distance of the 
moon from the apogee of the epicycle at the middle of the second eclipse in 
question, is 12,24°. 

Similarly, since, as we showed, 

Z DKN = 89; 1° where 4 right angles = 360°, 
by subtraction, Z KDN, which represents the equation of anomaly (which is 
subtractive with respect to the mean motion) corresponding to the epicycle arc 
LB, is 0:59° (complement of Z DKN). Therefore the mean position of the moon 
at the middle of the second eclipse was irp 14:44°, since its true position was TT£ 
13;45°, corresponding to the position of the sun in Pisces. 

Let us now turn to the three eclipses which we have selected from those verv 
carefully observed by us in Alexandria. 


The first occurred in the seventeenth year of Hadrian, Pauni [X] 20 21 in the 
Egyptian calendar [133 May 6 7]. We computed the exact time of mid-eclipse 
as 4 of an equinoctial hour before midnight. It was total . 39 At that time the true 
position of the sun was about 8 13i°. 

The second occurred in the nineteenth year of Hadrian, Choiak [IV] 2. 3 in 
the Egyptian calendar [134 Oct. 20/21]. We computed that mid-eclipse 
occurred 1 equinoctial hour before midnight. [The moon] was eclipsed l of its 
diameter from the north . 40 At that time the true position of the sun was about 
^ 25 6 l0 . 

The third eclipse occurred in the twentieth year of Hadrian, Pharmouthi 
[VIII] 19/20 in the Egyptian calendar [136 Mar. 5/6]. We computed that mid¬ 
eclipse occurred 4 equinoctial hours after midnight. [The moon] was eclipsed 
half of its diameter from the north . 41 At that time the position of the sun was 
about X 14u°. 

It is clear that here too the mean motion [in longitude] of the moon, beyond 
complete revolutions, is equal to that of the sun, and is: 

from middle of the first eclipse to middle of the second: 161;55° 
from middle of the second eclipse to middle of the third: 138;55°. 

The length of the first interval is: 

1 Egyptian year 166 days 23J equinoctial hours reckoned simply 
1 Egyptian year 166 days 23l equinoctial hours reckoned accurately. 


39 Oppolzer no. 2071, the circumstances of which agree well with Ptolemy’s report. 
40 Oppolzer no. 2074, the circumstances of which agree extremely well with Ptolemy’s report. 
41 Oppolzer no. 2075; circumstances: mid-eclipse 1;43 a.m. 3i hours after midnight 
Alexandria, magnitude 5.5 digits. 
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The length of the second interval is: 

1 Egyptian year 137 days 3 equinoctial hours reckoned simply 
1 Egyptian year 137 days 5i equinoctial hours reckoned accurately. 

The approximate mean motion of the moon (beyond complete revolutions) is: 
• iy noih f U0;21° in anomaly 

in 1 166 238 \ 169;37° in longitude 

f 81;36° in anomaly 
\ 137;34° in longitude. 

Therefore, clearly, the 110;21° of motion on the epicycle over the first 
interval have produced a decrement from the mean motion of [161 ;55° - 
169;37°=] 7;42°, while the 81;36° of motion on the epicycle over the second 
interval have produced an increment to the mean motion of [138;55° - 
137;34°=] 1;21°. 

With the above data, let the moon’s epicycle [Fig. 4.8) be ABG. Let A be the 
point in which the moon was at the middle of the first eclipse, B its location at 
the middle of the second eclipse, and G its position at the middle of the third. 


and in l y 13T 1 5^ h 



We must, again, imagine the motion of the moon taking place from A to B and' 
then from B to G in such a way that, as we said, arc AB, which is 110;21°, 
produces a decrement of 7;42° with respect to the mean motion, while arc BG, 
which is 81;36°, produces an increment of 1;21° with respect to the mean 
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motion; thus the remaining arc GA is 168;3° and produces an increment to the 
mean motion of 6;21°, which is the difference [between 7;42° and 1;21°]. 

It is clear that the apogee must lie on arc AB, since it can lie neither on arc BG 
nor on arc GA, both of which produce an additive effect and are less than a 
semi-circle. In the same way [as before], 42 take the centre of the ecliptic and the 
circle carrying the epicycle as D, and draw from it, to the; points representing 
the 3 eclipses, lines DEA,DB,DG. Join BG and draw from point E to B and G 
lines EB and EG, and drop on to lines BD and DG perpendiculars EZ and EH. 
Also drop perpendicular G0 from G on to BE. 

Then, since arc AB subtends 7;42° on the ecliptic, the angle at the centre of 
the ecliptic, 

/ ADR - / 42° where 4 right angles = 360° 

~ \ 15;24°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle 43 DEZ, 
arc EZ = 15;24° 

and EZ = 16;4,42 p where hypotenuse DE = 120 p . 
Similarly, since arc AB = 110;21 °, 
the angle [subtended by it] at the circumference, 

Z AEB = 110;21°° where 2 right angles = 360°°. 

But Z ADB = 15;24°° in the same units. 

Therefore, by subtraction, Z EBD = 94;57°°. 

Therefore in the circle about right-angled triangle 44 BEZ, 
arc EZ = 94:57° 

and EZ = 88;26,17 p where hypotenuse BE = 120 p . 
Therefore where EZ = 16;4,42 p and DE = 120 p , 

BE = 21;48,59 p . 

Furthermore, since, as we showed, arc GEA subtends 6;21° of the ecliptic, the 
angle at the centre of the ecliptic also, 

. v pvp _ f 6:21° where 4 right angles = 360° 

~ 1 12:42°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle DEH, 
arc EH = 12;42° 

and EH = 13;16,19 p where hypotenuse DE = 120 p . 
Similarly, since arc ABG = 191;57°, 
the angle [subtended by it] at the circumference, 

Z AEG = 191;57°° where 2 right angles = 360°°. 

But Z ADG was found to be 12;42°° in the same units. 

Therefore, by subtraction, Z EGD = 179; 15°° in the same units. 

Therefore in the circle about right-angled triangle GEH, 
arc EH = 179; 15° 

and EH = 119;59,50 p where hypotenuse GE = 120 p . 


42 Reading opoiox; for opax; (bq jiT^ tmoiceipcvou xoutou at H317.4-5. This would mean 
‘Nevertheless, without this as an assumption'; but the location of the apogee on arc ABir (and must 
be) assumed in Fig. 4.8. I suppose that dpotox; (‘similarly’) was corrupted to opax; (‘however’) 
and the rest then added as an ancient gloss. 

44 Reading dpBoycbviov (with D. Ar) for tpiytovov at H317.25. So too at H3I9.4 and 319,14. 
44 Reading BEZ opBoytbviov (with D, Ar) for BEZ at H318.8. 
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Therefore where EH = 13; 16,19*" and DE 4S = 120*, 

GE = 13;16,20 p . 

And, as we showed, BE = 21;48,59 p in the same units. 

Furthermore, since arc BG = 81;36°, 
the angle [subtended by it] at the circumference, 

Z BEG = 81;36°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle GE0, 
arc GO = 8l;36° 

and arc E0 = 98;24° (supplement). 

Therefore the corresponding chords 

= ^ ; ?!o!l) where hypotenuse EG = 12^. 
and E© = 90;50,22 p / ' 

Therefore where GE = 13;16,20 p , 

G0 = 8;40,20 p and E0 = 10;2,49 p . 

And the whole line EB was found to be 2!;48.59 p in the same units. 

Therefore, by subtraction [of E0 from EB], 

0B = 1 l;46,10 p where GO = 8;40,20 p . 

And OB 2 = 138;31,ll p , GO 2 = 75;12,27 p , 

and BG 2 = OB 2 + GO 2 = 213;43,38 p . 

Therefore BG = 14;37,10 p where DE = 120 p and GE = 13;I6,20 P . 

But where the diameter of the epicycle is 120 p , 

BG = 78;24,37 p (chord of arc BG, which is 81:36°). 

Therefore where BG = 78:24,37 p and the epicycle diameter is 120 p , 

DE = 643;36,39 p and GE = 71:11,4 P . 

Therefore arc GE of the epicycle = 72:46,10° 

And, by hypothesis, arc GEA = 168:3°. 

Therefore, by subtraction, arc EA = 95:16,50° 

and therefore its chord AE = 88;40,17 p 

where the epicycle diameter is 120** and where ED = 643;36,39 p . 
Furthermore, since arc EA was shown to be less than a semi-circle, the centre 
of the epicycle will, obviously, fall outside segment EA. Take the centre as point 
K [Fig. 4.9], and draw line DMKL, so that, again, point L represents the 
apogee and point M the perigee. Then 
AD.DE = LD.DM, 

and we have shown that, where the epicycle diameter LKM = 120 p , 

AE = 88;40,17 p and ED = 643;36,39 p 
(thus, bv addition, AD = 732:16,56 p ). 

LD.DM = AD.DE = 471304;46,17. 

Again, since 

LD.DM + KM 2 = DK 2 , 
and KM, the radius of the epicycle, is 60 p , 
if we add the 3600 p (of KM 2 ) 46 to the above 471304;46,17 P , 
we find DK 2 = 474904;46,17 p . 

45 Reading V| 8e AE pic fori 5 ! 8k AE 65six0ti pic (all mss.) at H319,7. The latter would mean ‘where 

DE, as was shown, equals 120 p \ which is nonsense, since this is assumed, not proven. D,Ar have the 
same nonsensical fe5eix6q at H318,ll. _ 

46 Reading tou £7uk0kA.ou tSv autSv £<mv 4, eav ta yx tou TCTpayaivou (with D,Ar) for too 
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D 

Fig. 4.9 


H322 Therefore the radius ol the deferent, concentric with the ecliptic, 

DK = 689;8 P where the radius of the epicycle, KM = 60 p . 
Therefore where the line joining the centres of ecliptic and epicycle is 60 p , 
the radius of the epicycle is 5;14 p . 

This ratio is very nearly the same as that derived just above from the more 
ancient eclipses. 

So, in the same figure [Fig. 4.10] drop perpendicular KNX from centre K on 
to DEA, and join AK. 

Then, as we showed, where DK = 689;8 P , DE = 643:36,39 p ; 

and NE =: ?AE = 44;20,8 P in the same units. 

Therefore, by addition, DEN = 687;56,47 p . 

Therefore, where hypotenuse DK = 120 p , DN = 119;47,36 p , 
and in the circle about right-angled triangle DKN, 
arc DN« 173; 17°. 

. . rw>i _ J 173;17°° where 2 right angles = 360°° 

1 \ 86;38,30° where 4 right angles = 360°. 


emicuKXoi) e^TiKovta noieT to cut’ auxriq YX» eav xa yx at H321,14-15. Heiberg excises e^Kovia 
(iom the latter, but it is still very clumsy. 
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Fig. 4.10 


arc MEX of the epicycle = 86;38,30°, 

and arc LAX = 93;21,30° (supplement), 
and arc AX = i arc AE ~ 47;38,30°. 

Therefore, by subtraction, arc AL = 45;43°. 

But, by hypothesis, the whole arc AB = 110;21°. 

Thereiore, by subtraction, arc LB = 64;38°. 

This is the distance of the moon from the apogee at the middle of the second 
eclipse determined above. 

Similarly, as we showed, 

Z DKN 86;38°, 
so Z KDN = 3;22° (complement), 
and, by hypothesis, Z ADB = 7;42°. 

Therefore, by subtraction, Z LDB = 4:20°. 

This angle subtends the arc of the ecliptic representing the equation of 
anomaly (which is subtractive with respect to the mean motion) resulting from 
arc LB of the epicycle. 

Therefore the mean position of the moon at the middle of the second eclipse 
was HP 29;30°, since its true position was PP 25; 10°, corresponding to the 
position of the sun in Libra. 
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7. [On the correction of the mean positions of the moon in longitude and anomaly]* 1 

Now we have shown that the mean position of the moon at the middle of the 
second of the [three] ancient eclipses was: 

in longitude: TTR 14;44° 

in anomaly: 12:24° from the apogee of the epicycle; 

and at the second of the three eclipses in our time: 
in longitude: T* 29,30° 
in anomaly: 64;38° from the apogee. 

So it is clear that in the interval between the above two eclipses the mean 
motion of the moon, beyond complete revolutions, was: 
in longitude: 224;46° 
in anomaly: 52:14°. 

Now the time between Mardokempad 2, Thoth 18/19,6 hour before midnight, 
and Hadrian 19. Choiak 2/3, 1 hour before midnight is 
854 Egyptian years 73 d 236 equinoctial hours reckoned simply 
854 Egyptian years 73 p 23j equinoctial hours reckoned accurately (in mean 
solar days). 

H325 In days this is 311783 days 23$ equinoctial hours. 

In this interval we find that the increment over complete revolutions, according 
to the daily motions derived above from the uncorrected hypotheses, is: 
in longitude: 224:46° 

in anomaly: 52:31°. 48 

Thus, as we said [p. 179], we find that the increment in longitude is identical 
with what we derived from the above observations, but the increment in 
anomaly is 17 minutes too great. Hence, before constructing the [mean motion] 
tables, we corrected the daily motion in anomaly by dividing these 17 minutes 
by the above total in days, and subtracting the resulting correction lor 1 day (of 
0:0,0,0,11,46,39°) from the uncorrected mean daily motion in anomaly. The 
corrected motion is 13:3,53,56,17,51,59°, which is the basis of the other entries, 
derived by accumulation, in the tables. 


8 . j On the epoch of the mean motions of the moon in longitude and anomaly } 

In order to establish the epochs of these [mean motions] for the same first year of 
Nabonassar, Thoth 1 in the Egyptian calendar, noon, we took the time-interval 
H326 from that moment to the middle of the second eclipse of the first trio (which is 
the nearer [to the epoch]). This, as we said, took place in the second year of 
Mardokempad, Thoth 18/19 in the Egyptian calendar, ith of an equinoctial 
hour before midnight. This interval is computed as 27 Egyptian years, 17 days 


47 On chs 7 and 8 see HAMA 78-9, Pedersen 180-2. 

48 If one computes accurately with Ptolemy’s mean daily motions (p. 179) one fmds224,47,15° (cf. 
HAMA 79) and 52;32,18° respectively, i.e. in each case one minute more (not utterly negligible in 
this context). I suspect that Ptolemy computed, not for 23;20\ but for23;18\ i.e. his correction for 
the equation of time was not precisely -; , but -32 mins, (accurate computation gives -281 mins.) 
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and 11s hours both by the simple and (approximately) by the accurate 
reckoning. 49 To this interval corresponds (beyond complete revolutions) 
123;22° in longitude, and 
103;35° in anomaly. 

Subtracting each of these values from the corresponding one at the middle of 
the second eclipse [lTg 14;44° and 12;24°, p. 198], we find for the mean positions 
of the moon in the first year ofNabonassar, Thoth 1 in the Egyptian calendar, 
noon: 

in longitude: 8 11 ;22° 

in anomaly: 268;49° from the apogee of the epicycle 

in elongation: 70;37° (for, as we showed, the [mean] position of 

the sun at the same moment was X 0:45°). 


9. {On (he correction oj the mean position$ in latitude oj the moon , and their epochs}'® 

By the above methods we have established the periodic motions and epochs [of 
the moon] in longitude and anomaly. Concerning the corresponding amounts 
for its latitude, we were formerly in error, because we too adopted Hipparchus’ H327 
assumptions that [the diameter ol] the moon goes approximately 650 times into 
its own orbit, and 2: times into [the diameter ol] the earth’s shadow , when it is at 
mean distance in the syzygies. For once these quantities and the size of the 
inclination of the moon’s orbit are given, the limits of individual lunar eclipses 
are given. So we took [pairs ol] eclipses separated by a known inteival. 
computed (from the magnitude of the obscuration at mid-eclipse) the true 
distance [of the moon] from whichever of the two nodes [the eclipse was near] 
along its inclined circle in [argument ol] latitude, determined the mean position 
[in latitude] from the true by applying the equation of anomaly as already 
determined, and thus found the mean position in latitude at the middle of each 
eclipse, and hence the motion in latitude (as increment over complete 
revolutions) during that interval. 31 

But now, using more elegant methods which do not require any of the 
previous assumptions for the solution of the problem, we have found that the 
motion in latitude computed by the above method is faulty. Furthermore, from 


1,9 The equation of time between era Nabonassar (-746 Feb. 26) and the eclipse in question (-719 
Mar. 18) is in fact about -3 mins. This would make the mean motions 1 minute less in each case 
than Ptolemy's figures. 

10 See HAMA 80-2. Pedersen 181 is inadequate. 

11 Hipparchus' method was first explained by Schmidt. ‘Maanens Middelbevaegelse'. Cf. 
HAMA 313. Norman T. Hamilton has discovered the relevance of this passage to the value of the 
moon's mean motion and position in latitude given in theCanobic Inscription, (Op. Min. 151-2, cf. 
HAMA 914), and shown that these were derived by application of the method outlined here to the 
two eclipses Nabonassar 28118 19 (IV 6, H303) and Nabonassar 882IV 2/3 (IV 6, H315). The first 
of these had already been used by Hipparchus (cf. VI 9, H526), who had found (by this method) 
that the moon was 9° past the node. Applying Hipparchus’ mean motion in latitude to the interval 
between the eclipses, Ptolemy found that the moon should have been 5° past the node at the second 
eclipse. However, from the obseived magnitude he computed that it must rather be 6° past the 
node, and thus ‘corrected’ Hipparchus’ mean motion by adding 1°, to be distributed over the 
intervening 311784 days. Cf. IV 7. This produces exactly the value found in theCanobic Inscription. 
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the motion in latitude computed from our new method without those 
assumptions, we have proven that those very assumptions concerning sizes and 
distance are false, and have corrected them. We have done something similar 
H328 with the hypotheses for Saturn and Mercury, changing some of our earlier, 
somewhat incorrect, assumptions because we later got more accurate obser¬ 
vations. For those who approach this science in a true spirit of enquiry and love 
of truth ought to use any new methods they discover, which give more accurate 
results, to correct not merely the ancient theories, but their own too, if they need 
it. They should not think it disgraceful, when the goal they profess to pursue is so 
great and divine, even if their theories are corrected and made more accurate 
by others beside themselves. As for those topics [corrections to the theories of 
Saturn and Mercury], we will explain how we deal with them at the proper 
places in the later part of our treatise.For the time being, to preserve the 
proper order of procedure, we will turn to the demonstration of the position in 
latitude, which is by the following method. 

First, then, to correct the actual mean motion in latitude, we looked for [pairs 
ol] lunar eclipses (among those securely recorded) separated by as great an 
interval as possible, at both of which 

[1] the size of obscuration was equal, 

[2] the eclipses took place near the same node, 

[3] the eclipse was from the same side (either both from the north or both from 
the south) and 

[4] the moon was at about the same distance [from the earth]. 

H329 If these conditions are fulfilled the moon's centre must be the same distance 
from the same node, and on the same side, at both eclipses, and hence its true 
motion in latitude during the interval between the observations contains an 
integer number of revolutions in latitude. 

The first eclipse we used is the one observed in Babylon in the thirty-first year 
of Darius I, Tybi [Y] 3 4 in the Egyptian calendar, [-490 Apr. 25 26] at the 
middle of the sixth hour [of night]. It is reported that at this eclipse the moon 
was obscured 2 digits from the south. 53 

The second eclipse we used is the one observed in Alexandria in the ninth 
year of Hadrian, Pachon [IX] 17 18 in the Egyptian calendar [125 Apr. 5 6], 
3? equinoctial hours before midnight. At this eclipse too the moon was obscured 
hh of its diameter from the south. 54 

The position of the moon in latitude was near the descending node at each 


There is nothing in the discussions of Mercury' and Saturn (Bks. IX and XI) which gives a clue to 
the changes which Ptolemy mentions, but Hamilton’s discovery about the lunar latitude theory (see 
n.51) makes it plausible that Ptolemy is referring to the different parameters for Mercury and 
Saturn found in the Canobic Inscription. These are: for Saturn, an eccentricity of 3; 15 p instead of 
3;25 p , ascending node 353;30° from Regulus instead of327;30°; lor Mercury, an eccentricity of 2;30 p 
instead of 3-9 p , inclination of deferent 0;40° instead of0;45°, inclination of epicycle 7° instead of 
6:15 0 , slam of epicycle 2;30° instead of 7° (cf. HAMA 908-17). 

Oppolzer no. 1107: time 19;55 h (*=* 10 p.m. Alexandria), magnitude 1.1 digits. P.V. Neugebauer 
calculates ca. 22.7° Babylon (** 10; 15 p.m. Alexandria), 1.7 digits. 

^Oppolzer no. 2058: time 18;57 h (*» 9 p.m. Alexandria), magnitude2digits. Note that although 
this eclipse was observed in Alexandria, Ptolemy does not say that he himself was the observer. We 
may conjecture that it was observed by the Theon who ‘transmitted’ the planetary' observations 
recorded at IX 9, X 1 and X 2 (pp. 456, 469, 471) to Ptolemy. 
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eclipse (such conclusions can be drawn even from quite crude hypotheses). 55 
The distance [of the moon] was about the same [at both eclipses], and a little 
closer to the perigee than the mean distance. This too can be shown from our 
previous determination of the anomaly. Now, when the moon is eclipsed from 
the south, its centre is north of the ecliptic. So it is clear that at both eclipses the 
moon’s centre was an equal amount in advance of the descending node. In the 
first eclipse the distance of the moon from the apogee of the epicycle was 
100;19°. (For the time of mid-eclipse was i-hour before midnight at Babylon, 
and [hence] 1 5 equinoctial hours before midnight at Alexandria; 56 from the 
Nabonassar epoch the time comes to 

nc , , 00 , JlOl hours reckoned simply 

\ears - cavs y jq! h ours reckoned in true solar days.) 

Therefore the true position was 5° less than the mean. 1 ' In the second eclipse the 
moon was 251:53° from the apogee of the epicycle. (For in this case the time, 
from epoch to the middle of the eclipse comes to 

equinoctial hours reckoned simply 
\ eai s - av s gJ, e q U i noc tial hours reckoned accurately.) 
Therefore the true position was 4;53° more than the mean. Therefore, in the 
interval between the two eclipses, which comprises 615 Egyptian years. 133 
days and 21 i equinoctial hours, ’ 8 the true motion of the moon in latitude 
comprises an integer number of revolutions, while its mean motion fell short of a 
complete revolution by 9:53°, which is the sum of both [equations of] anomaly. 
But according to the mean motions derived from Hipparchus’ hypotheses, asset 
out above, in that interval it fails short of a complete revolution by about 10:2°. 
Thus the mean motion in latitude is greater than one would expect from his 
hypotheses by 9 minutes. 

We divided these 9 minutes by the total of days in the above interval 
(approximately 224609), and added the resulting 0:0,0,0,8.39,18° to the mean 
daily motion [in latitude] derived above from those hypotheses: thus we found 
the corrected mean motion of 13:13,45.39.48,56,37°, which we again used as 
the basis for the other accumulated totals in the tables. 

Having once, in this way, determined the mean motion in latitude, we next 
proceeded to establish its epoch position. For this purpose we looked for another 
pair of accurately observed eclipses at a known interval, in which all the same 
conditions were fulfilled as in the previous pair (namely, for both eclipses the 
distance of the moon was approximately equal, and [the magnitude ol] the 
obscuration was equal and from the same side (either from the north or from the 
south for both), except that here the eclipses were near opposite nodes instead of 
near the same node. 


55 For an example of how this can be done see HAMA 81 n.4. 

3rt It is not clear whether Ptolemy takes the time of the observ ation to be given in seasonal or 
equinoctial hours. However, the sun is close enough to the equinox that (for;-hour) the difference is 
minimal. _ 

37 The simplest way to check this (and the corresponding amount at the second eclipse) is to use 
the equation table (IV 10) with arguments 100:19° and 251;53°. 

5a The corrections for equation of time are computed rather inaccurately, being about 4 minutes 
too great at both eclipses. However, these inaccuracies cancel out in the computation of the 
interval. 
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The first of these eclipses is the one which we also used for our demonstration 
of the anomaly [p. 191]. It occurred in the second year of Mardokempad, 
Thoth[I] 18/19 in the Egyptian calendar [-719 Mar. 8/9], at midnight in 
Babylon, and l of an equinoctial hour before midnight at Alexandria; at this 
eciipse it is recorded that the moon was obscured 3 digits from the south. 

The second, which Hipparchus too used, occurred 59 in the twentieth year of 
that Darius who succeeded Kambyses, Epiphi [XI] 28/29 in the Egyptian 
calendar [-501 Nov. 19/20], when 65 equinoctial hours of the night had passed; 
at this eclipse the moon was, again, obscured from the south 4 of its diameter. 
The middle of the eclipse was 5 of an equinoctial hour before midnight in 
Babylon (for the length of half the night was about 61 equinoctial hours on that 
date), and [hence] li equinoctial hours before midnight in Alexandria. 60 

H333 Both of these eclipses occurred when the moon was near its greatest distance, 
but the first was near the ascending node, while the second was near the 
descending node. So here too the centre of the moon was an equal distance 
north of the ecliptic at [both] eclipses. 

Then let [Fig. 4.11 ] the moon’s inclined orbit be ABG on diameter AG. Let us 
take point A as the ascending node, G as the descending node, and B as the 


B 



northern limit. Cut olfequal arcs, AD and GE, from nodes A and G towards the 
northern limit B. Then in the first eclipse the centre of the moon was at D and in 
the second at E. 

Now the time from epoch to [the middle of] the first eclipse is 27 Egyptian 
years, 17 days 11 i equinoctial hours (reckoned both simply and accurately). 
Hence the moon’s distance from the apogee of the epicycle was 12;24°, and the 


™ Reading yevopevr| with CD lot yevopevri at H332.14. 

Oppolzer no. 1090: time2I:24 h (*» 11:15 p.m. Alexandria), magnitude 2.1 digits. 
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mean position was greater than the true by 59 minutes. Likewise, the time [from 
epoch] to [the middle of] the second eclipse was 

245 Egyptian years, 327 days { 10 j e q uinoctial hours reckoned simply 

L 104 equinoctial hours reckoned accurately. 

Hence the moon’s distance from the apogee of the epicycle was 2;44 c , and the H334 
mean position was greater than the true by 13 minutes. The interval between 
the observations contains 218 Egyptian years, 309 days 23n equinoctial hours, 
which produces, for the mean motion in latitude deduced above, an increment 
[over complete revolutions] of 160;4°. 

So, because of the above, let the mean position of the centre of the moon be at 
Z [in Fig. 4.11] at the first eclipse and at H in the second. Then since 
arc ZBH = 160;4° 

and arc DZ = 0:59° and arc EH = 0;13°, 

arc DE = [arc DZ + arc ZBH - arc EH = ] 160;50°. 

(arc AD + arc EG) = 19; 10° (supplement). 

And, since they are equal, arc AD = arc EG = 9;35°. 

That is the amount by which the true position of the moon at the first edipse was 
to the rear of the ascending node, and by which the true position of the moon at 
the second eclipse was in advance of the descending node. Therefore, by 
addition, 

arc AZ = [arc AD + arc DZ = ] 10;34° 

and, by subtraction, 

arc HG = [arc EG - arc EH = ] 9;22°. 

Hence the mean position of the moon at the first eclipse was 10;34° to the rear of 
the ascending node, and [therefore] was 280;34° from the northern limit B, and H335 
at the second edipse it was 9;22° in advance of the descending node, and 
[therefore] its distance from the northern limit was 80;38°. 

Next, since the time from epoch to the middle of the first eclipse produces an 
increment [over complete revolutions] of [mean motion in] latitude of286; 19°, 
we subtract this amount from the 280:34° for the position at the first eclipse and 
(after adding 360°) find, for the first year of Nabonassar, Thoth 1 in the 
Egyptian calendar, noon: the mean position in latitude (counted from the 
northern limit): 354; 15° 

In order to be able to check calculations concerning conjunctions and 
oppositions (since for those positions [of the moon] we have no need of the 
second anomaly which we shall demonstrate later), we shall set out a table for 
the individual [equations of anomaly]. We have calculated it geometrically, in 
the same way as we already did for the sun. In this case we used the ratio 60:5| 

[as a basis], but, as [previously], we tabulate it at intervals of 6° for the apogee 
quadrants, and of 3° for the perigee [quadrants]. Thus the layout of the table is 
identical to that for the sun: it consists of 45 lines and 3 columns; the first two H336 
columns contain the argument, in degrees of anomaly, while the third contains 
the equation corresponding to each argument. In calculating the longitude and, 
the latitude, this equation has to be subtracted when the anomaly, counted 
from the apogee of the epicycle, is up to 180°, and added when the anomaly is 
more than 180° The table is as follows. 
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10. {Table of the first , simple anomaly of the moon} 


nr- 

2 

3 

Common 

Numl>ers 

Equation 

6 

354 

0 29 

12 

348 

0 57 

18 

342 

1 25 

24 

336 

1 53 

30 

330 

2 19 | 

36 

324 

2 44 

42 

31-8 

3 8 

48 

312 

3 31 

54 

306 

3 51 

60 

300 

4 8 

66 

294 

4 24 

72 

288 

4 38 

78 

282 

4 49 

84 

276 

4 56 

90 

270 

4 59 

93 

267 

5 0 

96 

264 

5 l 

99 

261 

5 0 

102 

258 

4 59 

105 

255 

4 57 

108 

252 

4 53 

111 

249 

4 49 

114 

246 

4 44 

117 

243 

4 38 

120 

240 

4 31 

123 ; 

237 

4 24 

126 

234 

4 16 

129 

231 

4 7 

132 

228 

3 57 

135 

225 

3 46 

138 

222 

3 35 

141 

219 

3 23 

144 

216 

3 10 

147 

213 

2 57 

150 

210 

2 43 

153 

207 

2 28 

156 

204 

2 13 

159 

201 

1 57 

162 

198 

l 41 

165 

195 

I 25 

168 

192 

1 9 

171 

189 

0 52 

174 

186 

0 35 

177 

183 

0 18 

180 

180 

0 0 
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11. {That the difference in the size of the lunar anomaly , according to Hipparchus , 
is due not to the different hypotheses employed ' but to his calculations } 61 

Now that we have demonstrated the above, it would be quite reasonable for 
someone to ask why it is that the ratio [of the eccentricity] found by Hipparchus 
from the lunar eclipses which he adduced for the determination of this anomaly 
is neither identical with the one determined by us, nor [consistent with itself, 
since] the first ratio he found, using the eccentric hypothesis, differs from the 
second, which was calculated from the epicyclic hypothesis. For in his first 
demonstration he derives the ratio between the radius of the eccentre and the 
distance between the centres of the eccentre and the ecliptic as about 3144:327i 
(which is the same as 60:6; 15), while in the second he finds the ratio between the 
line joining the centre of the ecliptic to the centre of the epicycle, and the radius 
of the epicycle, as 31222:247? (which is the same as60:4;46). Now the maximum 
equation of anomaly for a ratio of 60:64 is 5;49°; for a ratio of60:4;46 it is 4;34°, 
while our ratio of 60:55 produces a maximum equation of about 5°. 62 

Such a discrepancy cannot, as some think, be due to some inconsistency 
between the [epicyclic and eccentric] hypotheses. Not only have we shown this 
by logical argument just above [IV 5], from the perfect agreement between the 
phenomena resulting from both hypotheses, but numerically too, if we wanted 
to carry out the calculations, we would find that the same ratio results from both 
hypotheses, provided we use the same set of data for both, and not. like 
Hipparchus, different sets. For in that case (if different sets of Eclipses are used as 
basis), the discrepancy can occur [through errors] in the actual observations or 
in the computations of the interv als. At any rate, we will find that in the case of 
those eclipses [used by Hipparchus] the syzygies were observed correctly, and 
are in agreement with our proven theories for the mean and anomalistic 
motions, but the computations of the intervals (on which the demonstration of 
the size of the ratio depends) were not carried out as carefully as possible. We 
shall demonstrate both of these assertions, beginning with the first three 
eclipses. 

He says that these three eclipses which he adduces are from the series brought 
over from Babylon, and were observed there; that the first occurred'in the 
archonship of Phanostratos at Athens, in the month Poseideon; 63 a small section 
of the moon’s disk was eclipsed from the summer rising-point [i.e. the north¬ 
east] when half an hour of night was remaining. He adds that it was still eclipsed 


dl See HAAIA 317-19. 

62 There are some inaccuracies here: 3122} : 247] 60 : 4;45,21. The maximum equation 

resulting from an eccentricity of 4;46 in 60 is not 4;34°, but 4;33° to the nearest minute. These 
inaccuracies could be eliminated by changing 3122] to 3112] (cf. p. 215 n.75), but ms. authority is 
unanimous at all places. Even more inaccurate is the 5;49° of the maximum equation resulting jrom 
60 : 64 . Correct (to the nearest minute) is 5;59°, and perhaps we should so emend it (v0 tor p0 at 
H338.23). 

63 It is practically certain that this and the corresponding dates for the other two eclipses are in the 
astronomical Metonic calendar (see Introduction p. 12) rather than the Athenian civil calendar, for 
at the time when the Babylonian observations were ‘brought over’, the equation with the old 
Athenian civil calendar could hardly have been determined, and certainly was of no interest to the 
users of the observations. 


H338 


H339 


H340 
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IV11. Babylonian eclipse triple used by Hipparchus 


365 Egyptian years 25 days 


when it set. Now this moment is in the 366th year from Nabonassar, in the 
Egyptian calendar (as Hipparchus himself says) Thoth 26/27 [—382 Dec. 
22/23], 5i seasonal hours after midnight (since half an hour of night was 
remaining). When the sun is near the end of Sagittarius, 1 hour of night in 
Babylon is 18 time-degrees (for the night is 14? equinoctial hours long ). 64 So 51 
seasonal hours produce 6 ? equinoctial hours. Therefore the beginning of the 
eclipse was 18^ equinoctial hours after noon on the 26th. And since a small 
section [of the disk] was obscured, the duration of the whole eclipse must have 
been about 1 ? hours, so the middle of the eclipse, obviously, must have been 19? 
equinoctial hours after [noon]. Therefore mid-eclipse at Alexandria was 18? 

H341 equinoctial hours afternoon on the 26th. 65 The time from epoch in the first year 
of Nabonassar to the moment in question is 

18? equinoctial hours reckoned simply 
I 84 equinoctial hours reckoned accurately. 
At this moment, using our hypotheses as set out above, we find 
the true position of the sun as $ 28; 18°, 

the mean position of the moon asH 24:20°. 
and its true position as II 28;17 0,7h 

(for its distance in anomaly from the apogee of the epicycle is 227;43°). 

He says that the next eclipse occurred in the archonship of Phanostratos at 
Athens, in the month Skirophorion, Phamenoth 24/25 in the Egyptian 
calendar, and that [the moon] was eclipsed from the summer rising-point [i.e. 
the north-east] when the first hour [of night] was well advanced. This moment is 
in the 366th year from Nabonassar, Phamenoth [VII] 24/25 [-381 June 
18/19], about 5? seasonal hours before midnight. When the sun is near the end 
of Gemini, one hour of the night at Babylon is 12 time-degrees. Therefore the 5 5 
seasonal hours produce 4? equinoctial hours. So the beginning of the eclipse was 
H342 7 5 equinoctial hours after noon on the 24th. And since the duration of the whole 

eclipse is recorded as three hours, mid-eclipse, obviously, occurred 9ro 
equinoctial hours after [noon]. So in Alexandria it must have occurred about 8 i 
equinoctial hours after noon on the 24th. 67 The time from epoch is 


365 Egyptian years 203 days 

For this moment we find: 
true longitude of the sun: 


J 8 | equinoctial hours reckoned simply 
\7% equinoctial hours reckoned accurately. 


n 21;46° 


These figures agree well enough with those derivable from the rising-time table (II8) forCIima 
IV (Rhodes, M = I4i\ <p = 36°), for X© = J: 28;18°. In the Geography (5.20.6) Ptolemy assigns 
Babylon a latitude of 35°. 

Oppolzer no. 1275: time 5;5 h (*** 7 a.m. Alexandria), magnitude 2.6 digits, half-duration 52 
mins. P. V. Neugebauer calculates c. 8 a.m. Babylon (** 7 a.m. Alexandria), magnitude 3.0 digits, 
duration 1.8\ 

“I-e. here (and in the other five eclipses) the true moon and true sun, as calculated from 
Ptolemy’s hypotheses, are almost exactly 180° apart, thus giving further confirmation of those 
hypotheses. In fact more accurate calculation gives rather worse agreement (e.g. here the 
discrepancy is about 4] minutes of arc rather than 1'), but in no case is the difference greater than 
could be explained by the vagueness of the time given in the eclipse report. 

67 Oppolzer no. 1276: time 18;31 h (*» 8;30 p.m. Alexandria), half-duration l;15 h . P.V. 
Neugcbauer calculates the beginning ol the eclipse at Babylon as 19.8 h , mid-eclipse as ca. 21.1 h (**8 
p.m. Alexandria), duration 2.7 h . 
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mean longitude of the moon: $ 23; 58° 

true longitude of the moon: $ 21;48° 

(for its distance from the apogee of the epicycle in anomaly was 27;37°). 

The intervals between the first and second eclipses are: 

[time:] 177 d 13^ equinoctial hours 
motion of the sun in longitude: 173;28°, 
whereas Hipparchus carried out his demonstration on the basisof the intervals: 

[time:] \7T* 13| equinoctial hours 
[longitude:] 173° - i°. 

He says that the third eclipse occurred in the archonship of Euandros at 
Athens, in the month Poseideon I, Thoth 16/17 in the Egyptian calendar, and H343 
that [the moon] was totally eclipsed, beginning from the summer rising-point 
[i.e. the north-east], after 4 hours (ot night] had passed. 63 This moment is in the 
367th year from Nabonassar, Thoth [I] 16/17 [-381 Dec. 12/13], about 2\ 
hours before midnight. Now when the sun is about two-thirds through 
Sagittarius, one hour of night at Babylon is about 18 time-degrees. So 
2i seasonal hours produce 3 equinoctial hours. Therefore the beginning of the 
eclipse was 9 equinoctial hours after noon on the 16th. And since the eclipse was 
total, its duration was about 4 equinoctial hours. So mid-eclipse, clearly, was 
about 11 hours after noon. Therefore in Alexandria mid-eclipse must have 
occurred 10§ equinoctial hours after noon on the 16th. 69 The time from epoch 
[to this moment] is 

_ ' ir . I lOl equinoctial hours reckoned simplv 

366 Egyptian vears Id da vs *s ^ < ... . , ' . 

equinoctial hours reckoned accurately. 

For this moment we find: 

true longitude of the sun: f 17;30° 

mean longitude of the moon: El 17:21° 

true longitude of the moon: El 17;28° 

(for its distance from the apogee of the epicycle in anomaly was 181; 12°). 

The intervals from the second to the third eclipse are: H344 

[in time:] 177 d 2 equinoctial hours 
[in longitude:] 175:44°, 

whereas Hipparchus assumed the following intervals: 

[in time:] 177 d 11 hours 
[in longitude:] 175|°. 70 

Thus it is apparent that he committed errors in his computations of the intervals 
of gth and jrd of an equinoctial hour in time, and about j of a degree [in 

Ptolemy interprets this below to mean 21 seasonal hours before midnight, i.e. alter 3] seasonal 
hours of night (he thus arrives at a time for the beginning of the eclipse at Babylon, 9 p.m^ which 
agrees fairly well with modem calculations: P. V. Neugebauer gives 21.3 h ). But 5 a>pSv 
rcapEJui AuOmffiv can only mean 'alter 4 hours had passed’. Hence Manitius suggests emending to 
TTjs 8' dSpcu; JipoeXr|Xi>0ma<; (‘when the fourth hour was well advanced’), comparingTrj<; npcairv; 

<5pa<; jtpoeAtiXuOu'un; at H341. 13-14, which is interpreted (p. 212) to mean ‘half a seasonal hour 
after sunset’. A less violent emendation would bey for (‘when 3 hours had passed'), cf. pta<; (Spas 
ticavcot; 7tapEA0ouoT)<; at H302,I6-17, ‘when one hour was well past’, which is interpreted as *1 j 
seasonal hours (after moonrise)’. But the whole ms. tradition is unanimous for ‘4*. 

69 Oppolzer no. 1277; time 20;4 h (*** 10 p.m. Alexandria), half-duration l;50 h . 

70 Reading poc teal t\' (with D,Ar) for poE x\ (175;8°) at H344,5. 
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IV11. Alexandrian eclipse triple used by Hipparchus 

longitude] in each interval. Errors of this amount can produce a considerable 
discrepancy in the size of the ratio {derived]. 

We will pass to the second set of three eclipses he set out, which he says were 
observed in Alexandria. He says that the first of these occurred in the 54th 
year of the Second Kallippic Cycle, Mesore (XII] 16 in the Egyptian 
calendar [-200 Sept. 22]. In this eclipse the moon began to be obscured half an 
hour before it rose, and its full light was restored in the middle of the third hour 
[of night]. Therefore mid-eclipse occurred at the beginning of the second hour, 
5 seasonal hours before midnight, and also 5 equinoctial hours, since the sun 
H345 was near the end of Virgo. So mid-eclipse at Alexandria occurred 7 equinoctial 
hours after noon on the 16th. 71 And the time from epoch in the first year of 
Nabonassar is 

c ~ o a r _i I 7 equinoctial hours reckoned simplv 

546 Egyptian veal's 345 davsy ~ i ... . , r ‘, 

' [oi equmoctial hours reckoned accurately. 

For this moment we find: 

true longitude of the sun: Trg 26:6° 

mean longitude of the moon: X 22° 

true longitude of the moon: X 26;7° 

(for its distance in anomaly from the apogee of the epicycle was 300; 13°). 

He says that the next eclipse occurred in the 55th' 2 year of the same 

cycle, Mechir [VI] 9 in the Egyptian calendar [-199 Mar. 19], that it began 

when 5t hours of night had passed, and was total. So the beginning of the eclipse 

was 1 It equinoctial horn’s after noon on the 9th (since the sun was near the 

end of Pisces), and mid-eclipse was 13} equinoctial haul’s after [noon], (since the 

whole moon was eclipsed). ’ The time from epoch to this moment is 

H346 547 Egyptian years 158 days 13 \ equinoctial hours, whether reckoned simply 

or accurately. 

For this moment we lind: 

true longitude of the sun: X 26; 17° 

mean longitude of the moon: =2= 1;7° 

true longitude of the moon: TT£ 26; 16° 

(lor its distance in anomaly from the apogee was 109;28°). 

The intervals from first to second eclipse are: 

[in time:] 178 d 6| equinoctial hours 

[in longitude]: 180; 11°, 

71 OppolztT no. 1545: time 17:2** (** 7 p.m. Alexandria), hall-duration l;29 h . 

72 Ideler, L'ntersuchungen 216-17. emended ‘55th’ to 54th" here (H345.12) and was consequently 
forced to excise autS ( the same') in the year designation of the third eclipse at H346,13. His 
argument was that the year begins at the summer solstice in the Kallippic calendar (see 
Introduction p. 12). Since year 1 of Cycle I begins at the summer soistice of -329, year 54 of 
Cycle II goes from June -200 to June -199, and thus includes this eclipse of March -199. However, 
the two passages H345,12 and 346,13 confirm one another, and we must allow the possibility that 
Hipparc hus, who was using the Egyptian calendar w ithin the framework of the Kallippic cycle, 
Ixrgan the year, not at the summer solstice. butatThoth 1. Thus in his reckoning) ear 55 of Cycle II 
would run from Oct. of -200 to Oct. of-199, and would include both the second and third eclipses. 

It is true that this kind of reckoning cannot be applied to the Kallippic years of the equinoxes listed 
in III 1, but that was in another work of Hipparchus, and there is ho mention of the Egyptian 
calendar there. See also V 3 p. 224 with n.13. 

'■‘Oppolzcr no. 1546: time 23;7 h (*» 1 a.m. Alexandria), half-duration J;48 h . 



IV 11. Errors in Hipparchus' determination of intervals 215 


whereas Hipparchus carried out his demonstration on the basis of the following 
intervals: 


[in time:] 178 d 6 equinoctial hours 
[in longitude:] 180;20°. 

He says that the third eclipse occurred in the same (55th) year of the 
Second Cycle, on Mesore [XII] 5 in the Egyptian calendar [-199 Sept. 11] and 
that it began when 6$ hours of the night had passed, and was total. He also says 
that mid-eclipse occurred at about 8i hours of night, that is 2 \ seasonal hours 
after midnight. Now when the sun is near the middle of Virgo, one hour of the 
night in Alexandria is 14? time-degrees. So 2} seasonal hours produce about 2i 
equinoctial hours. So mid-eclipse was 14i equinoctial hours after noon on the 
5th. 74 The time from epoch to this moment is 


547 Egy ptian years 334 days 


{ 


14| equinoctial hours reckoned simply 
13$ equinoctial hours reckoned accurately. 


For this moment we find: 

true position of the sun: HR 15; 12° 

mean position of the moon: X 10;24° 

true position of the moon: X 15; 13° 

(for its distance in anomaly from the apogee of the epicycle was 249;9°). 
The interval from second to third eclipse is: 

[in time:] 17^ % equinoctial hour 
[in longitude:] 168;55°, 

whereas Hipparchus assumed the following intervals: ' 

[in time:] 176 11 lj equinoctial hours 
[in longitude:] 168;33°. 

Here too, then, it is apparent that he committed errors of about a° and }° [in 
longitude], and about I and 73 (I + tg) equinoctial hours [in time]. These errors 
too can result in a considerable discrepancy in the ratio calculated for the 
[particular] hypothesis. 


' 4 Oppolzer no. 1547: time Sept. 12 0;28 h (*** 2;30 a.m. Alexandria), half-duration 1;50*. Note 
that for Hipparchus the whole eclipse took place on Mesore 5, although it did not begin until after 
midnight (what Ptolemy would call ‘the midnight which lies towards the sixth’). See Introduction 

p. 12. 

75 Reading %'iaEi teat TpUa) icai ripiaei teat Tpfra> icai fetcaTO) for^plaet icai ipiiq) icat SeicdTG) 
(4 and 1 and To ) at H347,16-17. The difference between Ptolemy’s and Hipparchus’ time intervals 
are: I-II: 6| h - 6 h = l h ; II-III: 1 l h - $ h = fj h = (I + The emendation is certain and simple, but 
appears never to have been made. (In the Arabic tradition, T, Q, occurs the almost correct variant 
4 + J and J + j + ri’ ) Manitus noticed the discrepancy, but was led astray by his misunderstanding 
at H347, 13-14 of ptaq Tp'tTOu ©peu;, which he took to mean ‘a third of one hour’. Thus he supposed 
the difference between Ptolemy’s and Hipparchus’ intervals (II-III) to be ($ - j) » 4 minutes » ri 
hour, and emended Heiberg’s SeKCtTO) to 8(t)6eKdTb> (the reading of D). I carelessly followed his 
interpretation and emendation in Toomer[2], in which I used Hipparchus’ intervals to recompute 
the ratios for the eccentric and epicyclic models. The result was that, while I (bund (airly good 
agreement with the ratio 3144:327 ] for the eccentric model, using the first triple of eclipses, I could 
derive a value close to the ratio 31221:2471 for the epicyclic model and the second eclipse triple only 
by attributing a computational error to Hipparchus. Now, however, using the correct time interval 
of lj h for II-III, I find much better agreement with the above ratio, as I shall show in detail~ 
elsewhere. (If the ratio were 3112}:2471, agreement would be almost perfect, and this also provides 
a better fit with the equivalences given by Ptolemy.) These calculations not only vindicate 
Hipparchus’ computational abilities, but cast doubt on my claim that he was operating with a 
chord table with base R = 3438.* 


H347 
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H348 Thus we have plainly displayed the reason for the above discrepancy, and it is 
clear that we can have even more confidence than before in the correctness of 
the ratio we deduced for the anomaly at lunar syzygies, since we have found 
these very same eclipses agreeing closely with our hypotheses. 



Book V 


1. {On the construction of an ‘ astrolabe ’ instrument ] 1 

As far as concerns the [moon’s] syzvgies with the sun at conjunction and 
opposition, and the eclipses which occur at such syzvgies, we find that the 
hypothesis set out above for the first, simple anomaly is sufficient, even if we 
employ it just as it is, without any change. But for particular positions [of the 
moon] at other sun-moon configurations one will find that it is no longer 
adequate, since as we said [p. 181], we have discovered that there is a second 
lunar anomaly, related to its distance from the sun. This anomaly is reduced to 
the first [i.e. becomes zero] at both svzygies, and reaches a maximum at both 
quadratures. We were led to awareness of and belief in this [second anomaly] by 
the observations of lunar positions recorded by Hipparchus, 2 and also by our 
own observations, which were made by means of an instrument which we 
constructed for this purpose. The makeup of the instrument is as follows. 

We took two rings of an appropriate size, with their surfaces precisely turned 
on the lathe so as to be squared olf [i.e. with rectangular cross-sections], equal 
and similar to each other in all dimensions. We joined them together at 
diametrically opposite points, so that they were fixed at right angles to each 
other, and their corresponding surfaces coincided: thus one of them [Fig. 
F,3] represented the ecliptic, and the other [Fig. F,4] the meridian through the 
poles of the ecliptic and the equator [i.e. a colure]. On the latter, using the side 
of the [inscribed] square [as measure], we marked the points representing the 
poles of the ecliptic, and pierced each point with a cylindrical peg [Fig. F,e,e] 
projecting beyond both outer and inner surfaces. On the outer [projections] we 
pivoted another ring [Fig. F,5] the concave [inner] surface of which fitted 
closely on the convex [outer] surface of the two joined rings, in such a way that it 
could move freely about the above-mentioned poles of the ecliptic in the 


1 On the instrument described in this chapter the only good discussion is that of Rome[4], to 
which the reader is referred for all details of its construction and use. My Fig. F is based on the 
drawing there. The numbers and letters designating the rings and other parts of the instrument also 
follow Rome’s notation. In modern terms, it is an armillary sphere’. The adjective ‘astrolabe’ 
applied to it and to its parts simply means for takingthe [the position ol] the stars’, and has nothing 
to do with the instrument to which the name astrolabe' is now usually applied (on which see 
HAMA II 868-79). The latter was called the ‘small astrolabe’ by Theon of Alexandria: see 
Rome[l] I 4 n.O; by Ptolemy it was apparently called ‘horoscopic instrument’ (see HAMA II 866). 

2 Examples of these are preserved at V 3 p. 224 and V 5 pp. 227 and 230. It is notable that these 
are the latest three known observations of Hipparchus. The obvious conclusion is that towards the 
end of his career he suspected that the ‘simple’ lunar hypothesis was inadequate for positions outside 
the svzygies, and was making observations to check this. 
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V1. Construction of armillary sphere 



longitudinal direction. Similarly we pivoted another ring [Fig. F,2] on the inner 
[projections]; this too lit ted the two [joined] rings closely, its convex surface to 
their concave, and, like the outer ring, moved freely in longitude about the 
same poles. We marked on this inner ring, and also on the ring representing the 
ecliptic, the divisions indicating the standard 360 degrees of the circumference, 
and as small subdivisions of a degree as was practical. Then we lit ted snugly 
inside the inner of the two [movable] rings another thin ring [Fig. F, 1] with 
sighting-holes [Fig. F,b,b] projecting from it at diametrically opposite points. 
[This ring was constructed] so that it could move laterally in the plane of the 
ring it was fitted into, towards either of the above-mentioned poles, in order to 
allow observation of the variation in latitude. 

Having completed the above construction, we marked oil'from both poles of 
the ecliptic, on the ring representing the circle through both poles [Fig. F,4], an 
arc equal to the distance between the poles of ecliptic and equator (as 
determined above). At the ends of these arcs (w hich were, again, diametrically 
H353 opposite) we again inserted pivots [Fig. F,d,d], attaching them to a meridian 
ring [Fig. F,6] similar to that J described at the beginning of this treatise [pp. 61-2] 
for making observations of the arc of the meridian between the solstitial points. 
This meridian ring was set up in the same position as the earlier one, 
perpendicular to the plane of the horizon and at an elevation of the pole 
appropriate for the place in question, and also parallel to the plane of the actual 
meridian [at that place]. Thus the inner rings [Fig. F,4 etc.] were set up so as to 


3 Reading x5 fev ap^fj ovvxd^Eox; airoSeSeiYgevcp (with D.Ar) for xcov ev dpxfl xffq 
auvxd^EOx; ujto5e5eiYpevcav (which is untranslatable) at H353.1-2. 
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revolve about the poles of the equator, from east to west, following the first 
motion of the universe. 

Once we had set up the instrument in the way described, whenever we had a 
situation in which both sun and moon could be observed above the earth at the 
same time, we set the outer astrolabe ring [Fig. F,5] to the graduation [on the 
ecliptic ring, fig. F,3] marking, as nearly as possible, the position of the sun at 
that moment. Then we rotated the ring through the poles [Fig. F,4] until the 
intersection [of on ter astrolabe ring and ecliptic ring] marking the sun’s position 
was exactly facing the sun, and thus both the ecliptic ring [Fig. F,3] and the 
[ring] which goes through the poles of the ecliptic [Fig. F,5] cast its shadow 
exactly on itself. 4 Or, if we were using a star as sighting [i.e. orienting] object, we 
set the outer [astrolabe] ring to the position assumed for that star on the ecliptic¬ 
ring, [and then rotated the ring Fig. F,4 to such a position] that when w-e 
applied one eye to one face of the outer ring [Fig. F,5] the star appeared 
fastened, so to speak, to both [nearer and farther] surfaces ol that face, 7 and thus 
was sighted in the plane through them. Then we rotated the other, inner 
astrolabe ring [Fig. F,2] towards the moon (or any other object we desired) so 
that the moon 'or any other desired object) was sighted through both sighting- 
holes on the inmost ring at the same time as the sun (or the other sighting-star) 
was being sighted [as described above]. 

In this way we read oil the position [of the moon or any other desired object] 
in longitude on the ecliptic, from the graduation occupied by the inner 
[astrolabe] ring [Fig. F.2] on the ring representing the ecliptic'[Fig. F.3], and its 
deviation to north or south [of the ecliptic] along the circle through the poles of 
the ecliptic, from the graduations of the inner astrolabe ring [Fig. F.2]: the 
latter is given by the distance between the mid-point of the upper tt sighting-hole 
on the inmost rotating ring [Fig. F.l] and the line drawn through the centre 
of the ecliptic ring. 


■* According to Ptolemy’s instructions, one has to fomputr the solar longitude, set tfie outer 
astrolalx* ring; Fig. F. 5 to that position on the ecliptic ring*Fig. F. 3). and then, keeping ttie two in 
that position relative to each other, swing Ijoth until one can sight the sun along the outer astrolalx* 
ring. Both rings should then shade themselves. Theoretically, even without knowing the sun’s 
position, one could set up the instrument by sighting the sun along the outer astrolabe ring and then 
moving the ecliptic ring relative to the latter until it shaded itself. Cf. p. 224 n.ll. 

5 Reading wonep K£KO/./.r|p£vo.; dptpotepatq auxqq xaTq eitupaveiau; for teat 5ia xqc; 
ajrevavxiov kcu TtapaAArjXou xou kOkXou rcXeupac; ajatrep KGKo/.Xripevoc; dp<pox£pan;at)x5>vxat<; 
eirt(pavetan; at H353.24-354.1. The latter would mean 'when we applied one eye to tlx- [nearer] 
lace of the outer ring and [looked] along the opposite, parallel lace of the ring, the star appeared 
fastened, so to speak, to the surlaces ol Ixith those faces’. The words teat 5ta . . . trXeypaq are a loolish 
explanatory interpolation by someone who misinterpreted dptpoxepan; zai<; errupaveian; to mean 
the opposite faces' of the ring instead of the two parts of the same lace nearer to and farther from 
the eye'; then auxrjc; (referring to xq exepa xtov jrA.£i>pwv) was changed to auxwv (referring to both 
TtAxupai), or possibly aOxQv was simply interpolated. Quite apart from the technical problem, the 
text as printed by Heiberg is extraordinarily clumsy. The interpolation is quite early, since it isabjo 
in the Arabic tradition. Pappus’ commentary to the passage betrays no hint that he read the 
inter point ion. but is not sullicienilv dose to the Almagest to allow us to say that he did not. 

* ‘upper: literally above the earth'. Since the centre of all the rings represents the centre of the 
earth, the sight nearer the observer's eye is notionallv "below the earth’, the other ‘above the earth’. 


H354 
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2. {On the hypothesis for the double anomaly of ike moon} 1 

When this type of observation was made without further analysis, it was found, 
H355 both from the observations recorded by Hipparchus and from our own, that the 
distance of the moon from the sun was sometimes in agreement with that 
calculated from the above [simple] hypothesis, and sometimes in disagreement, 
the discrepancy being at some times small and at other times great. But when 
we paid more attention to the circumstances of the anomaly in question, and 
examined it more carefully over a continuous period, we discovered that at 
conjunction and opposition the discrepancy [between observation and calcula¬ 
tion] is either imperceptible or small, the dilference being of a size explicable by 
lunar parallax; at both quadratures, however, while the discrepancy is very 
small or nothing when the moon is at apogee or perigee of the epicycle, it 
reaches a maximum when the moon is near its mean speed and [thus] the 
equation of the first anomaly is also a maximum; furthermore, at either 
quadrature, when the first anomaly is subtractive the moon's observed position 
is at an even smaller longitude than that calculated by subtracting the equation 
of the first anomaly, but when the first anomaly is additive its true position is 
even greater [than that calculated by adding the equation of the first anomaly], 
and the size of this discrepancy is closely related to the size of the equation of the 
first anomaly. From these circumstances alone we could see that we must 
suppose the moon's epicycle to be carried on an eccentric circle, being farthest 
H356 from the earth at conjunction and opposition, and nearest to the earth at both 
quadratures. This will come about if we modify the first hypothesis along 
somewhat the following lines. 

Imagine the circle (in the inclined plane of the moon) concentric with the 
ecliptic moving in advance, as before [p. 191], (to represent the [motion in] 
latitude) about the poles of the ecliptic with a speed equal to the increment of 
the motion in latitude over the motion in longitude. Imagine, again, the moon 
traversing the so-called epicycle (moving in advance on its apogee arc) with a 
speed corresponding to the return of the first anomaly. Now, in this inclined 
plane, we suppose two motions to take place, in opposite directions, both 
uniform with respect to the centre of the eliptic: one of these carries the centre of 
the epicycle towards the rear through the signs with the speed of the motion in 
latitude, while the other carries the centre and apogee of the eccentre, which we 
assume located in the same [inclined] plane, (the centre of the epicycle will at ail 
times be located on this eccentre), in advance through [i.e. in the reverse order 
of] the signs) by an amount corresponding to the difference between the motion 
in latitude and the double elongation (the elongation being the amount by 
which the moon’s mean motion in longitude exceeds the sun’s mean motion). 
H357 Thus, to give an example, in one day the centre of the epicycle traverses about 
13; 14° in motion of latitude towards the rear through the signs, but appears to 
have traversed 13; 11 ° in longitude on the ecliptic, since the whole inclined 
circle [of the moon] traverses the difference of 0;3° in the opposite direction, 
[i.e.] in advance; [meanwhile] the apogee of the eccentre, in turn, travels 11;9° 


'On chs. 2-4 see HAMA 84-8, Pedersen 184-9. 
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in the opposite direction, (again in advance): this is the amount by which the 
double elongation, 24;23°, exceeds the motion in latitude, 13; 14°. The 
combination of both of these motions, which take place in opposite directions, 
as we said, about the centre of the ecliptic, will produce the result that the radius 
carrying the centre of the epicycle and the radius earn ing the centre of the 
eccentre will be separated by an arc which is the sum of 13; 14° and 11;9°, and is 
twice the amount of the elongation (which is approximately 12; 1 lj°). Hence the 
epicycle will traverse the eccentre twice during a mean [synodic] month. We 
assume that it returns to the apogee of the eccentre at mean conjunction and 
opposition. 

In order to illustrate the details of the hypothesis, imagine [Fig. 5.1] the circle 
in the moon’s inclined plane concentric with the ecliptic as ABGD on centre E 
and diameter AEG. Let the apogee of the eccentre, the centre of the epicycle, 
the northern limit, the beginning of Aries and the mean sun [all] be located at 



point A at the same moment. Then I say that in the course of one day the whole 
[inclined] plane moves in advance from A towards D about centre E, by about 
3': thus the northern limit (which is [still represented by] A) reaches K 29;57°. 
The two opposite motions are carried out by the radius corresponding to EA 
[moving] uniformly about E, the centre of the ecliptic. Thus I say that in the 
course of one day the radius through the centre of the eccentre corresponding to 
EA rotates uniformly in advance [i.e. in the reverse order] of the signs to the 
position ED, carrying the apogee of the eccentre to D, 8 and making arc AD 

8 Omitting K(ri ypatpeiv rcept to Z jcevtpov xov AH eKKEVTpov after A at H358 y 20-21. This 
would mean and describingeccentre DH about centre Z\ This is nonsense: EA does not ‘describe 
the eccentre’ (since it is not a radius of the eccentre), but merely marks the position ofthe apogee of 
the eccentre. If Ptolemv wanted to refer to the eccentre here, he would presumably have written (as 


H358 
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1I;9°. [In the same time] the radius through the centre of the epicycle 
[corresponding to EA] rotates uniformly, again about E, towards the rear 
through the signs to the position EB, carrying the centre of the epicycle to H, 
H359 and making arc AB 13; 14°. Thus the apparent distance of H, the centre of the 
epicycle, is 13;14° (in motion of latitude) from the northern limit A, 13; 11° (in 
longitude) from the beginning of Aries (for the northern limit A has moved to X 
29;57° in the same time), and 24;23° (the sum of arc AD and arc AB, and twice the 
mean daily elongation) from the apogee of the eccentre D. Since, in this way, 
the motion through B and the motion through D meet each other once in half a 
mean [synodic] month, it is obvious that these motions will always be 
diametrically opposite at intervals of a quarter and three-quarters of that 
period, i.e. at the mean quadratures. At those times the centre of the epicycle, 
located on EB, will be diametrically opposite the apogee of the eccentre, located 
on ED, and [thus] will be at the perigee of the eccentre. 

It is also clear that under these circumstances the eccentre itself (that is, the 
fact that the arc DB is not similar to arc DH) will not produce any correction to 
H360 the mean motion. For the uniform motion of the line EB is counted, not along 
arc DH of the eccentre, but along arc DB of the ecliptic, since it rotates, not 
about the centre of the eccentre Z, but about E. The only [correction] which 
will result is that due to the difference in the effect of the epicycle: as the 
epicycle moves towards the perigee it produces a continuous increase in the 
equation of anomaly (subtractive and additive alike), since the angle formed by 
the epicycle at the observer’s eye is greater at positions [of the epicycle] nearer 
the perigee. On the other hand, there will, in general, be no difference from the 
first hypothesis when the centre of the epicycle is at the apogee A, which is 
the situation at the mean conjunctions and oppositions. 

For if [Fig. 5.2] 9 we draw epicycle MN about point A, AE.AM is the same 
ratio as that which we demonstrated from the eclipses. The greatest difference 
H361 will be when the epicycle reaches H, the perigee of the eccentre (as XO here). 
This occurs at the mean quadratures. For the ratio XH:HE is greater than that 
at any other position, since XH, the radius of the epicycle, is alw ays a constant 
length, while EH is the shortest of all lines drawn from the centre of the earth to 
the eccentre. 

3. [On the size of the anomaly of the moon which is related to the sun } 

In order to see what the maximum equation of anomaly is when the epicycle 
is at the perigee of the eccentre, we sought observations of the distance of the 
moon from the sun under the following conditions: 


dot's Is.) KOI ypa<p£VTO<; rcep't to Z tcevtpov xotf AH eiCKEVTpou ‘and if the eccentre DH is described 
alx>ut centre Z\ However, it seems more likely that this is an interpolation by someone who wanted 
an explicit reference to the drawing of the eccentre DH on centre Z, represented in Fig. 5.1 and 
referred to by Ptolemy Ixdow. 

9 The ligure given by Heiljerg (p. 360), which is taken from the ms. tradition represented by A, is 
wrong in making E the centre of the circle and addinga point K above-it. My figure agrees with the 
text and with part of the Arabic tradition (e.g. P), except that all Arabic mss. have the equivalent of 
0 lor O. Manitius already made the same correction, except that he unnecessarily added the point 
Z (unattested in the mss.) as the centre of the circle. 
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V 3. Determination of size of second lunar anomaly 



Fig. 5.2 


[1] The moon’s speed was about at the mean (for that is when the equation 
of anomaly is maximum). 

[2] The mean elongation of the moon from the sun was about a quadrant 
(tor then the epicycle was near the perigee of the eccentre). 

[3] In addition to the above, the moon had no longitudinal parallax. 

If these conditions are fulfilled, the apparent observ ed longitudinal distance is 
the same as the true, and thus we can safely infer the size of the second anomaly H362 

which we are seeking. When we investigate on the basis of the above kind of 
observations, we find that, when the epicycle is closest to the earth, the greatest 
equation of anomaly is about 7!° with respect to the mean position (or 2f° 
different from [the corresponding equation of] the first anomaly). 

We will illustrate the way in which this kind of determination is made from 
one or two observations by way of example. We sighted sun and moon in the 
2nd year of Antoninus, Phamenoth [VII] 25 in the Egyptian calendar [139, 

Feb. 9], after sunrise, and 5i equinoctial hours before noon. The sun was sighted 
in ~ 18i°, and $ 4 was culminating. The apparent position of the moon was TT^ 

9f°, and that was its true position too, since when it is near the beginning of 
Scorpius, about 1 { hours to the west of the meridian at Alexandria, it has no 
noticeable parallax in longitude. 10 Now the time from epoch in the first year of 


10 1.e. at thai situation the angle Ix-tween ecliptic and altitude circle (derived from Table II13) is 
about 90°, hence the parallax aliens only the latitude, not the longitude. Interpolation in the tables 
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Nabonassar to the observation is 

H363 885 Egyptian years 203 days 184 equinoctial hours (whether reckoned simply or 

, accurately). 

For this moment we find: 

mean position of the sun: ~ I6;27° 

true position of the sun:~ 18;50° (in accordance with its sighted position 
according to the astrolabe ). 11 

From the first hypothesis we find the mean position of the moon at that 
moment as ITU 17;20° (thus its mean elongation from the sun was about a 
quadrant), and the moon’s distance in anomaly from the apogee of the 
epicycle as 87; 19° (which is near the position of maximum equation). Thus 
the true position of the moon was.less than the mean by l]° (instead of the 
5 ° of the first anomaly ). 12 

Again, to display the amount of the equation undersimilar conditions which 
is derived from Hipparchus’ observations of such positions, we will adduce one 
of these. He says that he made the observation in the fifty-first year 13 of the Third 
Kallippic Cycle. Epiphi [XI] 16 in the Egyptian calendar [-127 Aug. 5], when f 
ol the first hour had passed. ‘The speed was [that of day] 241\ 14 he says, ‘and 
while the sun was sighted in Leo 8t?° the apparent position of the moon was 
Taurus 12\°. and its true position was approximately the same'. So the true 
observed distance between moon and sun was 86:15°. But when the sun is near 
the beginning of Leo, at Rhodes (where the observation w as made), l hour of 
H364 the day is 17? time-degrees. So the 5} seasonal hours (w'hich make up the 
interval to [the following] noon) produce 6 * equinoctial hours. Therefore the 


lor Clima III, 9:40°. 1 j h west of the mer idian, gives 83:5°. Exact computation tor Alexandria 
v (j> 31°) gives 83:45°. For the computations here and at the other observations ofY 3 and V 5 see 
HA.\1. I 91-2. 

11 Is this meant as a confirmation of the accuracy of the observation? This would imply that 
Ptolemy set up the instrument by using the shadow ,cf. p. 219 n.4). It may, however, merely mean 
that this computation is the basis ol the position to which Ptolemv >et the instrument. 

‘•Precise computation: mean elongation = ~ 16:27° - nt, 17:20° = 89:7°: equation = tt^ 
9:40° - nj, 17:20° = -7:40°: equation from first hypothesis (from Table IV 10), ai87:19°) — -4:57°. 
However, Ptolemy is operating with rounded numbers, quite properly here. 

U I have, doubtfully, accepted the emendation va' forv' /‘fiftieth) at H363.16. Thejulian date of 
the observation. -127 Aug. 5. is guaranteed both by the astronomical data and by Ptolemy's 
reckoning in the era Nabonassar. Ideler Historische L’ntersuchungen 217-181 made the emendation 
lx?cause he calculated, correctly, from the known epoch of the Kallippic cycles that this must fall in 
the lifty-lirst year. In this case cf. p. 214 n.72) using the Egyptian calendar makes no dilference. 
However. I suspect that the error, if' it is one. lies not w ith the scribes but w ith Ptolemy or even 
Hipparchus, and that possibly there is no error, but another method of counting which eludes us. 

14 Literally *The true daily motion iSpopoi;; was the 24Isf. Hipparchus is referring to a table of 
the true motion of the moon over 248 days [** 9 anomalistic months), in which the moon was 
supposed to return to the same velocity. Such a table is extant on a cuneiform tablet. 
ACT no. 190 ( III p. 131). Il’Hipparchus was using that table the motion on day 241 would be 13:30° 
or 13:31,10° according to whether one starts at the beginning or goes in reverse from the end), i.e. 
close to the mean, as our passage requires. The historical interest of' this passage has l*een missed 
lx-cause ’241 * has hitherto been interpreted as degrees of anomaly' (and hence emended', to’259' 
by Manitius and topeoex;, ‘mean', by Halma). I think it likely that Hipparchus was the channel 
through w hich use of the 248-day lunar anomaly period was transmitted from Mesopotamia to the 
Greek world (e.g. Vettius Valens I 4-5, ed. Kroll 20-1, and P. Ryl. 27. on which see HA.MA 80811. l. 
and ultimately to India (the Vakva system, see HAM. f 81711.) See provisionally Toomerfl 1] p. 108 
n. 12. 




V 3. Determination of size of second lunar anomaly 


225 


observation occurred 6i equinoctial hours before noon on the sixteenth, while 
8 9° was culminating. Thus in this case the time from epoch to the observation 
is 


, \ 111 equinoctial hours reckoned simply 

314 davsl , , , r 

• f 1/4 equinoctial hours reckoned accurati 


619 Egvptian vears i uav^ i . . . , . , . ie 

• ^ 1 / 4 equinoctial hours reckoned accuratelv. 

For this moment we find from our hypotheses (since the meridian through 

Rhodes is the same as that through Alexandria): 16 

mean position of the sun: SI 10;27° 

true position of the sun: SI 8;20° 

mean position of the moon in longitude: 8 4;25° 

(thus the mean elongation was again nearly a quadrant) 

mean distance of the moon from the apogee of the epicycle in anomaly: 257;47° 

(which is again near the position of the maximum equation of the anomaly 

due to the epicycle). 

So the distance from the mean moon to the true sun is calculated as93;55°. And 
the observed distance from the true moon to the true sun was 86; 15°. 11 
Therefore the true position of the moon was greater than the mean, again bv 7 f c 
instead of the 5° of the first hypothesis. And it is [further] evident, that of these 
two observations taken near the second quadrature, ours was found to be less 
than the position computed from the first anomaly by 2*°, while Hipparchus’ 
was greater by the same amount, since the total equation of anomaly was 
subtractive at our observation and additive at Hipparchus'. 

From numerous other similar observations also we find that the greatest 
equation of anomaly is about 7j° when the epicycle is at the perigee of the 
eccentre. 


4. {On the ratio of the eccentricity of the moon's circle } 

With this as a datum, let [Fig. 5.3] the moon's eccentric circle beABG on centre 
D and diameter ADG, on which E is taken as the centre of the ecliptic. Thus A is 
the apogee of the eccentre and G the perigee. On centre G draw the moon's 
epicycle ZH0, draw E0B tangent to it. and join G0. 

Then since the greatest equation of anomaly occurs when the moon is at the 
epicycle tangent, and we have shown that this amounts to 7|°, the angle at the 
centre of the ecliptic. 

/ PFA - i u 'here 4 right angles=360° 

~~ \ 15:20°° where 2 right angles = 360°°. 


15 As Neugebauer remarks, the equation of time for a solar longitude of«fl 8° should be-16 mins, 
rather than -5 mins. For this and other inaccuracies in Ptolemy's computations see HAMA 92-3. 

16 In lact Rhodes is about 1.7° west of Alexandria. The notion that they lay on the same meridian 
was traditional: see Strabo 2.5.7. where the same meridian is supposed to pass through Meroe, 
Svene, Alexandria, Rhodes, the Troad, Byzantium and the Borysthenes. This is probably derived 
from Eratosthenes via Hipparchus. 

l7 Note that Ptolemy takes only the distance observed by Hipparchus (86:15°) as accurate, and 
substitutes his own calculations of the positions of sun and moon for those observed (or calculated) by 
Hipparchus. 
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Therefore in the circle about right-angled triangle GEO 
arc GO = 15;20° 
and the corresponding chord 

GO ^ 16 p where the hypotenuse GE = 120^ 

So, where GO, the radius of the epicycle, is, as was shown, 5; 15 P 
and EA, the distance from the centre of the ecliptic to the apogee of the 
eccentre, is 60**, 

EG, the distance from the centre of the ecliptic to the perigee of the eccentre, 
is 39;22 p . 

Therefore, by addition, diameter AG = 99;22 p , 
and DA, the radius of the eccentre = 49;41 p 

and ED, the distance between the centres oi the ecliptic and the eccentre = 

1 0 ; 19. p 

Thus we have demonstrated the ratio of the eccentricity. 


R 



Z 

Fig. 5.3 


5. {On the \direction ’ of the moons epicycle} 1 * 

As far as concerns the phenomena atsyzygies and at quadrature positions of the 
moon, the preceding discussion would provide a full explanation of the 
hypotheses elucidating the circles of the moon described above. But from 
individual observations taken at distances of the moon [from the sun] when it is 
sickle-shaped or gibbous (which occur when the epicycle is between the apogee 


‘“See HAMA 88-91, Pedersen 189-95. 
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and the perigee of the eccentre), we find that the moon has a peculiar 
characteristic associated with the direction 19 in which the epicycle points. 

Every epicycle must, in general, possess a single, unchangingpointdefiningthe 
position of return of revolution on that epicycle. We call this point the ‘mean 
apogee’, and establish it as the beginning from which we count motion on the 
epicycle. Thus point Z on the previous figure [5.3] is such a point. It is defined, 
for the position of the epicycle at apogee or perigee of its eccentre, by the straight 
fine drawn through all the centres [of ecliptic, eccentre and epicycle] (DEG 
here). Now in all other hypotheses [involving epicycle on eccentre], we see 
absolutely nothing in the phenomena which would count against the following H368 
[model]: in other positions of the epicycle [outside apogee and perigee of the 
eccentre], the diameter of the epicycle through the above apogee, i.e. ZGH, 
always keeps the same position relative to the straight fine which carries the 
epicycle centre round with uniform motion (here EG), and [thus] (as one would 
think appropriate) always points towards the centre of revolution, at which, 
furthermore, equal angles of uniform motion are traversed in equal times. In 
the case of the moon, however, the phenomena do not allow one to suppose that, 
for positions of the epicycle between A and G, diameter ZH points towards E, 
the centre of revolution, and keeps the same position relative to EG. We do 
indeed find that the direction in which [diameter ZH] points is a single, 
unchanging point on diameter AG, but that point is neither E, the centre of the 
ecliptic, nor D, the centre of the eccentre, but a point removed from E towards 
the perigee of the eccentre by an amount equal to DE. We shall show that this is 
so, again, by setting out, from among the numerous [relevant] observations, two 
which are particularly suitable for illustrating our point, since the epicycle at 
these observations was at distances halfway [between apogee and perigee of the 
eccentre], and the moon was near apogee or perigee of the epicycle; for in these H369 
situations occur the greatest elfects of the above direction [of the epicycle 
diameter]. 

Now Hipparchus records that he observed the sun and the moon with his 
instruments 20 in Rhodes in the 197th year from the death of Alexander, 
Pharmouthi [VIII] 11 in the Egyptian calendar [-126 May 2], at the beginning 
of the second hour. He says that while the sun was sighted in b 7i°, the 
apparent position of the centre of the moon was X 215°, and its true position 
was X 21 3 + 4° [21;27 4°]. 21 Therefore at the moment in question the distance of 
the true moon from the true sun was about 313;42°, [ counting] towards the 
rear. Now the observation was made at the beginning of the second hour, about 
5 seasonal hours (which correspond to about 53 equinoctial hours in Rhodes on 


19 jrpd<jveuat<;, used by Neugebauer and Pedersen as a technical term (‘prosneusis’) for this 
element of Ptolemy’s lunar theory. However, it is hardly that for Ptolemy, as he applies the word in 
many other contexts (see p. 43 n.38). 

20 It is usually assumed that by this is meant an armillary sphere similar to that described by 
Ptolemy in V 1 (and often, that Hipparchus was the inventor of that instrument). That may be true, 
but the vague expression here certainly does not require it, and whether the data described belovr 
do is doubtful. I consider it possible that Hipparchus used a dioptra of the type described by Heron 
(‘Dioptra’, ed. Schone, 187 IT.). 

21 On the correction for parallax made by Hipparchus here (which is fairly accurate) see HAMA 
92. 
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that date) before noon on the i 1 th. So the time from our epoch to the 
observation is 

r, otrt i J 18j equinoctial hours reckoned simplv 

620 Egyptian years 219 daysi . . , . . , r 7 , 

^ 18 equinoctial hours reckoned accurately. 

For this moment we find: 

mean sun in 8 6;41° 
true sun in 8 7;45° 

fin X 22; 13° in longitude 

[at 185;30° from mean apogee of epicycle in anomaly. 
Therefore the distance of the mean moon from the true sun was 314;28°. 

With these data, let [Fig. 5.4] the moon’s eccentric circle be ABG on centre D 
and diameter ADG, on which E represents the centre of the ecliptic. On centre 
B draw the moon’s epicycle, ZH0. Let the sense of motion of the epicycle be 
towards the rear from B towards A, and the sense of motion of the moon on the 
epicycle be from Z towards H and [then] 0. Join DB and E0BZ. 


mean moon • 


fl 



G 


Fig. 5.4 
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Now in a mean [synodic] month occur two revolutions of the epicycle on the 
eccentre, and in the situation in question the elongation of mean moon from 
mean sun was 315;32°. So if we double the latter and subtract [the 360° of] a 
circle, we will get the elongation at that moment of the epicycle from the apogee 
of the eccentre, [counting] towards the rear this is 271;4°. 

Z AEB = 88;56° (remainder [when 271 ;4° is subtracted] from 360°). 

So drop perpendicular DK from D on to EB. 

. y r>£B _ f 88;56° where 4 right angles = 360° 

\ 177;52°° where 2 right angles = 360°°. 


Z BEL 
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Therefore in the circie about right-angled triangle DEK, 
arc DK = 177;52° 
and arc EK = 2;8° (supplement). 

Therefore the corresponding chords 

and^EK = sS*} whcrc h VP° tenuse DE = 120? ' 

Therefore where DE, the distance between the centres, is 10;19 15 
and DB, the radius of the eccentre, is 49;41 p , 

DK* 55 10;19 p also, 
and EK = 0;12 p . 

But BK 2 = DB 2 - DK 2 . 

•*. BK = 48;36 p in the same units, 
and, by addition, BE [= BK + EK] = 48;48 p . 

Again, since the distance of the mean moon from the true sun was found to be 
314;28°, and the distance of the true moon [from the true sun] was observed 
to be 313:42°, the equation of anomaly is -0;46°. Now the mean position 
of the moon is seen along the line EB. So let the moon be located at H (since 
it is near the perigee), join EH and BH, and drop perpendicular BL from B 
on to EH produced. Then, since Z BEL contains the moon’s equation of 
anomaly, 

_ f 0:46° where 4 right angles = 360° 
”^1;32°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle EBL, 
arc BL = 1;32° 
and the corresponding chord 

BL = l;36 p where the hypotenuse EB = 120 p . 
Therefore where BE = 48;48 p and BH, the radius of the epicycle, is 5;15 p , 
BL = 0;39 p 

Therefore where BH, the radius of the epicycle, is 120 p , 

BL = 14;52 p 

and, in the circle about right-angled triangle BHL, 
arc BL= 14:14° 

Z BHL = 14:14°° where 2 right angles = 360°°, 
and. by subtraction __ f 12:42°° where 2 right angles = 360°° 

[of Z BEL], Z EBH \6:21° where 4 right angles = 360°. 

That [6;21°], then, is the size of arc H0 of the epicycle, which comprises the 
distance from the moon to the true perigee [of the epicycle]. 

But since the distance of the moon from the mean apogee at the time of the 
observation was 185;30° [p. 228], it is clear that the mean perigee is in advance 
of the moon, i.e. of point H. Let [the mean perigee] be point M, draw line BMN, 
and drop perpendicular EX on to it from point E. 

Then since, as was shown, 

arc ©H = 6;21°, 

and arc HM, the distance from the perigee, is given as 5;30°, 
by addition, arc ©M = 11;51°. 

_ f 11;51° where 4 right angles = 360° 

~ [23;42°° where 2 right angles = 360°°. 


So ZEBX 
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Therefore in the circle about right-angled triangle BEX, 
arc EX = 23;42° 

and EX = 24;39 p where hypotenuse BE = 120**. 
Therefore where BE = 48;48 p 
EX = 10;2 P . 


Again, since [p. 228] 

Z AEB= 177;52°°\ , 9 . . . QAno 

and Z EBN = 23;42~ J wherC 2 nght = 360 ’ 
by subtraction, L ENB = 154;10°°. 

Therefore in the circle about right-angled triangle ENX, 
arc EX = 154; 10° 

and EX = U6;58 p where hypotenuse EN = 120*. 
Therefore where EX = 10;2 P and DE, the distance between the 

centres, is lO;!^, 


EN = 10; 18 p . 

Therefore the [radius of the epicycle] through the mean perigee, BM, points in a 
direction such that, when produced to N, it cuts olT a line EN which is very 
nearly equal to DE. 

Similarly, in order to show that we get the same result at the opposite sides of 
eccentre and epicycle, we have again selected from the distances [between sun 
and moon] observed by Hipparchus, as already mentioned, in Rhodes, the 
observation he made in the same year [as the preceding one], being the 197th 
year from the death of Alexander, Payni [X] 17 in the Egyptian calendar 
[-126July 7), at9i hours. He says that while the sun was sighted at ZZ 10 Tfj°the 
apparent position of the moon was <Q 29°. And this was its true position too; for 
at Rhodes, near the end of Leo, about one hour past the meridian, the moon has 
no longitudinal parallax. 22 Therefore the distance of the true moon from the 
true sun at the time in question was 48;6° towards the rear. Now since the 
observation was 3i seasonal horn's after noon on the 17th of Payni, which 
correspond to about 4 equinoctial hours in Rhodes on that date, the time from 
our epoch to the observation is 


620 Egyptian years 286 days 


{ 


4 equinoctial hours reckoned simply 
35 equinoctial hours reckoned accurately. 


For this moment we find: 

mean sun ats 12;5° 
true sun at£3 10,40° 
mean moon at£7 27;20° in longitude 
(thus the distance of the mean moon from the true sun was 46;40°) 
mean moon at 333; 12° in anomaly from the apogee of the epicycle. 23 
With these data, let [Fig. 5.5] the moon’s eccentric circle be ABG on centre D 


22 For verification of this see HAMA 92. 

2 4 For 62O'286 0 3i h I find: X J> = 147;7°, aj> = 333; 1°. Since the difierences from Ptolemy's posit ions 
represent the lunar motion over about 20 mins., it is obvious that he has carelessly calculated the 
positions ior 4 hours alter noon, i.e. without making the correction lor.the equation of time, which 
he had given, correctly, as about 20 mins. This error has a not inconsiderable effect on the final 
result, which would not agree nearly so neatly il'the computation were carried out with the alx>ve 
figures. 
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fi 



and diameter ADG, on which the centre of the ecliptic is represented by point 
E. About point B draw the moon’s epicycle, ZH0, and join DB, E0BZ. 

Then since twice the mean elongation of sun and moon is 90;30°, from the 
theory already established 

/ AFR /where 4 right angles = 360° 

~ \ 181 00 where 2 right angles = 360°°. 

So if we produce BE and drop perpendicular DK on to it from D, 

Z DEK = 179°° (supplement). 

Therefore in the circle about right-angled triangle DEK 
arc DK = 179° 

and arc EK = 1° (supplement). 

Therefore the corresponding chords 

.„d D E K K '.“ 9 i?} WhOT ° E ' ' 20 ’' 

Therefore where DE, the distance between the centres, is lO;^ 
and BD, the radius of the eccenter, is 49;41 p , 

DK^IO;^ 

and EK * 0;5 P . 

Now since BK 2 = BD 2 - DK 2 , 

BK = 48;36 p , 

and, by subtraction [of EK], EB = 48;31 p . 

Furthermore, since the distance of mean moon from true sun was found to be 
46;40°, and the distance of true moon [from true sun was observed as] 48;6°, the 
equation of anomaly is +1 ;26°. So let the position of the moon be at H (since it is 
near the apogee of the epiicycle). Join EH, BH, and drop perpendicular BL from 
B on to EH. 
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Then since 

;26° where 4 right angles = 360° 

!;52°° where 2 right angles = 360°°, 
in the circle about right-angled triangle BEL, 
arc BL = 2;52° 

and BL = 2;59 p where hypotenuse EB = 120**. 

Therefore where EB = 48;31 p and BH, the radius of the epicycle, is 5;15 p , 
BL = l;12 p 

So in the circle about right-angled triangle BHL, 

BL = 27;34 p where hypotenuse BH = 120V 4 
and arc BL = 26;34°. 

Z BHL = 26;34°° where 2 right angles = 360°°. 
and, by addition [of Z BEL = 2;52°°], 

Z ZBH - *f 29;26°° where 2 right angles = 360°°. 

\ 14;43° where 4 right angles = 360°. 

That [14:43°] is the size of the arc HZ of the epicycle, which comprises the 
distance from the moon to the true apogee. 

But since [the moon’s] distance from the mean apogee at the time of the 
observation w as 333; 12°, if we put the mean apogee at M, draw lineMBN, and 
drop perpendicular EX on to it from E, then 

arc HZM = 26:48° (by subtraction [of 333;12°] from the circle), 
and, by subtraction [of arc HZ = 14;43°], arc ZM = 12;5°. 

• ' \fR7 - 7 pry { *2;5° where 4 right angles = 360° 

.. ^ 24; 10°° where 2 right angles = 360°°. 

Therefore in the circle about right-angled triangle BEX 
arc EX = 24; 10° 

and EX = 25; 7 P where hypotenuse BE = 120 p . 

Therefore where BE = 48:31 p and DE, the line between the centres, is 10;19 p , 
EX = 10;8 P . 

Again, since Z AEB is given as 181°° where 2 right angles = 360°°, 
and we have shown thatZ EBX = 24; 10°°, 

by subtraction, Z EXB = 156:50°° in the same units, 
and, in the circle about right-angled triangle ENX, 
arc EX = 156:50° 

and EX = 117;33 p where hypotenuse EN = 120 p . 
Therefore w here EX = 10:8 P and DE, the line between the centres, is 10:19 p , 

EN = 10:20 p . 

So from this calculation too it turns out that MB, [the radius of the epicycle] 
through M, the mean apogee, points in a direction such that, when produced to 
N, it cuts off a line EN approximately equal to DE, the distance between the 
centres. 

We also find that approximately the same ratio results by calculation from a 
number of other observations. Thus these observations confirm the peculiar 
characteristic of the direction of the epicycle in the hypothesis of the moon: the 

2A 1;12 x 120/5:15 = 27:25.43. Ptolemy was obviously operating, not with the value l;12, but with 
1:12.22 (which leads to 27:34.5). which is in fact what one finds from the immediately preceding 
calculation. 2:59 x 48:31 120. 
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[uniform] revolution of the centre of the epicycle takes place about E, the centre 
of the ecliptic, but the diameter of the epicycle which defines the unchanging 
point of the epicycle at which the mean epicyclic apogee is located points, not (as 
it does for the other [planets]), towards E, the centre of mean motion, but 
always towards N, which is removed in the opposite direction [to D from E] by 
an amount equal to DE, the distance between the centres. 

6 . {How the true position of the moon can be calculated geometrically from the periodic 

motions} 25 

Now that we have demonstrated the above, the appropriate sequel is to show 
how. for a particular position of the moon, given the amounts of the [various] 
mean motions, we can find from the amount of the elongation and of the moon's 
[motion in anomaly] on the epicycle the amount due to the equation of anomaly 
which should be added to or subtracted from the mean motion in longitude. If 
one uses [strictly] geometrical methods, the way to solve such a problem is via 
theorems similar to those already set out. 

Let us use the last of the above figures [5.5] as an example, and take as a basis 
of calculation the same periodic motions in elongation and anomaly, namely 
double elongation: 90:30° 

anomaly counted from the mean epicyclic apogee: 333:12°. 

[See Fig. 5.6.]. We drop perpendicular NX (instead of EX) and perpen¬ 
dicular HL (instead of BL). Then, by the same computation as before [p. 231]. 
since we are given 

[1] The angles at centre E; 

[2] hypotenuse DE and hypotenuse EN (which are equal). 

DK = NX«10:19 P 


R 
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25 See HAMA 93, Pedersen 194-5. 
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ZNBX = ZZBM 


where DB, the radius of the eccentre = 49;41 p 
and BH, the radius of the epicycle = 5;15 p 
and EK = EX = 0;5 P . 

Hence, as shown before [p. 231] BK = 48;36 p 
and similarly, [bysubtraction ofEK] BE = 48;31 p 
and, by subtraction [of EX] BX = 48;26 p . 

So, since BX 2 + XN 2 = BN 2 , 

BN = 49;31 p where NX = 10;19 p . 

Therefore, in the circle about right-angled triangle BNX, 
where hypotenuse BN = \2(f 
NX«25 P , 
and arc NX = 24;3° 

24;3°° where 2 right angles = 360°° 

12; 1 ° (approximately) where 4 right angles = 360°. 
That [ 12; 1 °] is the size of the arc ZM of the epicycle. 

But since the distance of point H, representing the moon, from M, the mean 
apogee, is one revolution minus [the mean anomaly of 333;12°], i.e. 26;48°, 
by subtraction [of arc ZM from arc MH], arc HZ = 14;47°. 

‘ Z HBZ - 1 14;47° where 4 right angles = 360° 
\29;34°° where 2 right angles = 360°° 
and. in the circle about right-angled triangle HBL, 
arc HL = 29;34° 

and arc LB = 150;26° (supplement). 

Therefore where hypotenuse BH = the corresponding chords 

HL = 30;37 p and LB = 116;2 P . 

Therefore where BH, the radius of the epicycle, is 5; 15 P 
and (as was shown) BE = 48;31 p , 

HL = 1 ;20 p and LB = 5;5 P . 

Therefore, by addition, EBL = 53;36 p where LH = l;20 p . 

And since EL 2 + LH 2 = EH 2 

EH^ 53;37 p in the same units. 

Therefore in the circle about right-angled triangle EHL, 
where hypotenuse EH = ^O 15 , 

HL = 2;59 p 
and arc HL = 2;52°. 

Therefore the equation of anomaly, 

_ f 2;52°° where 2 right angles = 360°° 

Li;2 


Z HEL 


;26° where 4 right angles = 360°. 


Q.E.D. 


7. {Construction of a table for the complete lunar anomaly} 26 

In order again to provide a ready means of computing the individual additive 
or subtractive equations by setting out a table, we have supplemented the table 


2 * See HAMA 93-5, Pedersen 195-202. 
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for the simple hypothesis set out above [IV 10] with columns which enable one 
to correct easily for the second lunar anomaly. For this purpose we again used 
the same geometrical methods [as explained above]. After the first two columns 
containing the argument, we inserted a third column containing the equation 
to be added to or subtracted from the anomaly in order to reduce the mean 
motion counted from M [in Fig. 5.6], the mean apogee, to Z, the true apogee. 
[E.g.] above [p. 234], for the elongation of 90;30°, we showed that arc ZM is 
12; 1 °, and thus, since the distance of the moon from M, the mean apogee, was 
333; 12°, we find that its distance from Z, the true apogee, was, obviously, 
345; 13°, which we must use as argument for the epicvclic equation correcting 
the mean motion in longitude. In the same way, for other elongations, taken at 
intervals appropriate [for the table], we calculated the corresponding amount 
of the equation in question. YVedid this by the same method [as above], (to cut a 
long story short), and entered the amount corresponding to each [tabulated] 
argument in the third column. Of the succeeding columns, the lourth will 
contain the equations of the epicvclic anomaly (already set out in the previous 
table [IV 10]), where the maximum equation reaches approximately 5;1°, 
corresponding to the ratio 60 : 5; 15. The filth column will contain the 
increments in the equations due to the second anomaly as compared with the 
first, in the situation where the maximum equation is 7t°, corresponding to the 
ratio 60 : 8.' 7 Thus the fourth column is lor the situation of the epicycle at the 
apogee of the eccentre (which occurs at the svzygies), and the 111th column is lor 
the increments [to the equations] accruing from [the position of the epicycle]' 8 
at the perigee of the eccentre (which occurs at the quadratures). 

In order to enable one to llnd the proportion of these tabulated increments [in 
the fifth column] corresponding to a position of the epicycle in between those 
two locations [at apogee and perigee of the eccentre], we have added a sixth 
column. This contains, for each tabulated argument of elongation, the 
corresponding fraction (given in sixtieths) of the tabulated increment which 
must be added to the equation of anomaly tabulated in the fourth column. YVe 
have calculated these fractions in the following manner. 

[See Fig. 5.7.] Let the moon’s eccentre again be ABG on centre D and 
diameter ADG, on which E is taken as the centre of the ecliptic. Mark'olf arc 
AB, draw the epicycle, ZH0K, on centre B, and draw line EBZ. Let the 
elongation be given, e.g., as 60°. 

Hence by the same argument as before 

Z AEB = double the given elongation = 120°. 

Drop perpendicular DL from D on to BE produced, and draw HBKD. Suppose 
that the line from centre E to the moon, EMN, is tangent to the epicycle, 

27 The ratio is 39;22 (the distance from the earth to the perigee of the moon’s eccentre, p. 226) to 
5; 15 (the radius of the moon’s epicycle). This is approximately equal fo 60 : 8. 

28 Excising a vtopaXicu; at H385,7. Heiberg’s text would have to mean “accruing from the anomaly 
which is produced at the perigee of the eccentre, at the quadratures’. Besides being an exceedingly 
clumsy expression, this ruins the parallelism of the sentence. It is obvious that Ptolemy intended to 
contrast the two different posit ions of the epicycle, at apogee and perigee of the eccentre (cf. tSv Suo 
toutodv 0eo£G)v, H385,8-9). tt]<; (H385,6) refers to Oeaeox; (understood from above; for 
dTtoTEXetaOat used with Oeafi; cf. H394,11-12). The interpolation of avtopaXtaq is the work of 
someone who looked for something for xq<; to refer to, but misunderstood this. 
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Z AEB=• 


producing a maximum equation of anomaly, and join BM. Then since 

f 120° where 4 right angles = 360° 

\ 240°° where 2 right angles = 360°°, 

Z DEL = 120°° (supplement). 

Therefore in the circle about right-angled triangle DEL, 
arc DL = 120° 

and arc EL = 60° (supplement). 

So the corresponding chords 
EL = 6(f 


:} 


where hypotenuse DE = 120 p . 


and DL = 103;55 p 
Therefore where DE = 10; 19** and DB = 49:4l p , 
EL«5:1(F 
and DL = 8;56 p . 

And. since BL 2 = BD 2 - DL 2 , 

BEL = 48:53 p . 
and. bv subtraction [ofEL], EB = 43:43 p . 
where MB. the radius of the epicycle, is 5;15 p . 

Therefore in the circle about right-angled triangle BEM, 
where hypotenuse EB = 

BM = 14;25 p 
and arc BM = 13;48°. 

Therefore the maximum equation of anomaly, 


Z BEM 




13;48°° where 2 right angles = 360°° 

6;34° where 4 right angles = 360°. 

Thus, at this distance in elongation, the equation of anomaly differed from 
the 5; 1 ° [of maximum equation] at the apogee [of the eccentre] by 1 ;53°. But the 
total difference [between maximum equation at apogee and] at perigee [of the 
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eccentrej is 2;39°. So, where the total difference is 60,1,53° will be 42;38. This is 

the amount which we will put in the sixth column corresponding to 120° of H388 

[double] elongation. 

In exactly the same way we computed, for the other tabulated arguments, the 
fractions of the diiierence between the two maximum equations of anomaly, 
obtained in the above manner, and entered them, expressed in sixtieths of that 
difference, opposite the corresponding argument. It is obvious that the total 60 
[sixtieths] correspond to the double of 90° of elongation, which is at 180° of the 
eccentre, the location of the perigee. 

We also added a seventh column containing the position of the moon in 
latitude, on either side of the ecliptic, as measured along a circle through the 
poles of the ecliptic, i.e. the arc of the latter circle cut olf between the ecliptic 
and the inclined circle of the moon on the same centre [as the ecliptic], for each 
[tabulated] position of the moon on its inclined circle. For this we have used the 
same procedure as we did to calculate the arcs of the circle through the poles of 
the equator [which are cut oil] between the equator and the ecliptic [I 14]. 

Here, however, we took the arc between the ecliptic and the northern or 
southern limit of the inclined circle, as measured along the great circle through 
both their poles, as 5°. For, like Hipparchus, we find by calculation from the 
moon’s most northerly and southerly apparent positions that its greatest 
deviation either side of the ecliptic is approximately that amount. 29 Further- H389 
more, almost all circumstances of observations of the moon, whether taken with 
respect to the stars, or taken with instruments, lit a maximum latitudinal 
deviation of that amount, as will become clear from subsequent demonstrations. 

The table of the complete lunar anomaly is as follows. 

8. { Table of the complete lunar anomaly] ™ H390-1 

[See p. 238.] 


9. [On the complete calculation of the moon's position] H392 

So, whenever we choose to calculate the moon's anomalistic position by means of 
the table set out, we take, for the moment in question at Alexandria, the mean 

- 9 The only details of an observation which confirm i ** 5° for the lunar orbit are at V 12 p. 2*7. 
t0 In general the entries in this table are correct to within ±1 in the second place. Howev er, in col. 

3, arguments 123-9. 147-53 and 171-7 the error reaches-3 or-4, possibly because of interpolation 
between computed values. In col. 5 the first 9 values (from arguments 6 to 54 inclusive) are all too 
big, and the first 7 of them fit a ratio (radius of epicycle: distance of epicycle centre) of. 136 (instead of 
. 133 *» 5; 15 : 39;22 which Ptolemy's text requires and which underlies all values from argument 60 
on). This could l>e derived from a distance of 38;36 p or an epicycle radius of 5;21 p , neither of which 
has any motivation. I cannot explain this discrepancy, but it is too consistent to be the result of mere 
inaccurate calculation. In col. 6 the calculation to two sexagesimal places gives a quite illusory 
accuracy, and Ptolemy’s results (for the second place) bear little relationship to what one gets w ith 
accurate calculation. However, this has a negligible effect on the accuracy of computations carried 
out with the table. In the Handy Tables Ptolemy quite properly tabulated only one place in this and 
the corresponding column in the planetary tables. 
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motions of the moon in longitude, elongation, anomaly and latitude, in the way 
explained. 31 Then we always, first, double the figure computed for the 
elongation, and (after subtracting 360°, if necessary), enter with this into the 
table of anomaly and take the corresponding amount in the third column. If the 
double elongation is less than 180° we add the amount [in the third column] to 
the mean anomaly, but if the double elongation is greater than 180° we subtract 
the amount from the mean anomaly. We enter with the resulting true anomaly 
into the same table, and take the corresponding equation in the fourth column 
and also the corresponding increment in the fifth column, and write [both] down 
separately. Next we enter with the doubled mean elongation into the same 
table, take the sixtieths corresponding to it in the sixth column, multiply the 
increment which we wrote down separately by that number of sixtieths, and 
always add the result to the previously computed equation from the fourth 
column. If the true anomaly is less than 180°, we subtract this sum from the 
mean longitude and mean [argument of] latitude, but add it to them if the true 
anomaly is greater than 180°. Thus we have [two] numbers: we add the one for 
the longitude to the position [of the mean moon] at epoch: the result will be the 
true position of the moon. With the one for the [argument ol] latitude, counted 
from the northern limit, we enter into the same table: the number correspond¬ 
ing to it in the seventh column will be the distance of the moon’s centre from the 
ecliptic, measured along the great circle through the poles of the ecliptic. If the 
argument fails within the first 15 lines, it will be to the north [ofthe ecliptic], but 
if it falls below the first 15 lines, it will be to the south. Tlie first column of 
argument comprises the moon's motion from north to south, and the second 
column its motion from south to north. 


10. {That the difference at the syzygies due to the moons eccentre is negligible } 32 

Now it is likely that some people will suspect that the moon’s eccentric circle 
might also have a considerable effect at conjunctions and oppositions and the 
eclipses occurring at them, since the centre of the epicycle does not alwavs 
under all circumstances stand exactly at the apogee at those times, but can be 
removed from the apogee by an arc [of the eccentre] of considerable size, 
because location precisely at the apogee occurs at the mean syzygies, whereas 
the determination of true conjunction and opposition requires taking the 
anomalies of both luminaries into account. Therefore we shall try to show that 
this difference cannot produce any considerable error in [calculation of] the 
phenomena at syzygies, even if the correction due to the eccentricity is not taken 
into account. 


“ Ptolemy has not in fact explained how to do this, but the essence ol the procedure is the same as 
that explained for the sun at III 8. Note here, however, that the mean motions’ in elongation? 
anomaly and latitude must include the epoch positions, whereas, according to the procedure in the 
text, the ‘mean motion in longitude’ does not include the epoch position, which is added only at a 
later stage. For the procedure in general see HAMA 193-6, Pedersen 197-9 and, for a worked 
example, HAMA 96 or my Appendix A Example 9. 

‘“See HAMA 98-9. 
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Let [Fig. 5.8] 33 the moon’s eccentric circle be ABG on centre D and diameter 
H395 ADG, on which the centre of the ecliptic is taken at point E, and the point of 
‘direction*, 34 opposite to D, as Z. Cut off arc AB from the apogee A, and draw 
the epicycle, H0KL, on centre B. Join BD, HBKE and BLZ. 

Now' the size of the [equation of j anomaly can differ from that of the apogee 
situation of the epicycle (at A) m two ways: 

[1] because the epicycle is removed towards the perigee, the epicycle 
subtends a larger angle at E; 

[2] the direction in which the diameter through mean apogee and perigee [of 
the epicycle] points is no longer towards E but towards Z. 



The effect from the first factor is a maximum when the moon's equation of 
anomaly is a maximum, while the effect of the second factor is a maximum 
when the moon is near the apogee or perigee of the epicycle. Hence it is clear 
that when the maximum effect of the first factor occurs, the effect of the second 
factor will be quite negligible, since the moon's equation of anomaly hardly 
H396 varies for a considerable distance either side of its situation on the tangent to the 
epicycle. However, [in this situation] the true syzygy can differ from the mean 
by the sum of the equations of the two luminaries, if one is additive and the other 
subtractive. On the other hand, when the maximum effect of the second factor, 
the difference due to the direction, occurs, then again the effect of the first factor 
is negligible, since the complete equation of anomaly is either zero or very small 
w hen the moon is near the apogee or perigee of the epicycle. But [in this case] 
the true syzygy will differ from the mean only by the sun’s equation of anomaly. 

44 Fitf. 5.8 is wrongly drawn in Heiberg's text, where D© has been connected instead ol the 
tangent E0. This is an error ol' Heiberg’s, unsupported by the mss., and corrected by Manitius. 

■ M npdoveucng. See p. 227 n. 19. 
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Let us suppose, then, that the sun has a maximum additive equation of 2;23°, 
and (first) that the moon too has a maximum (but subtractive) equation of5;l°. 
Thus Z AEB contains twice the sum of the above, 7;24°, i.e. 14;48°. Draw E© 
from E tangent to the epicycle, and drop perpendicular B@ on to it, and also 
perpendicular DM from D on to BE. Then since 

/ AFR - /14;48° where 4 right angles = 360° 

~ \ 29;36°° where 2 right angles = 360°°, 
in the circle about right-angled triangle DEM 
arc DM = 29;36° 

and arc EM = 150;24° (supplement). 

Therefore the corresponding chords 

DM = 30:39 p I . __ 

and EM = 116;l p j Wnere n VP olenuse ^ 

Therefore where DE, the distance between the centres, is 10; 19 P , 
and BD, the radius of the eccentre, is 49;41 ? , 

DM = 2:38 p 
and EM = 9;59 p . 

And since BM 2 = BD 2 - DM 2 , 

BM = 49;37 p , 

and, by addition [ofEM],BME = 59;36 p . 
where B0, the radius of the epicycle, is 5; 15 P . 

Therefore in the circle about right-angled triangle BE0, 
where hypotenuse EB = 120 p . 

B0 = 10;34 p , 
and arc B0 = 10:6°. 

Therefore the angle of the maximum equation of anomaly, 

/ BE0 - 1 ’where 2 right angles = 360°° 

\ 5;3° where 4 right angles = 360°, 
instead of the 5;1° lor the apogee position of the epicycle at A. 

Therefore the difference in the equation of anomaly due to this effect was found 
to be 2 sixtieths of a degree, which cannot produce an error of even as much as 
rfeth of an hour. 35 

Next let the moon be at L, the mean perigee. Thus ZAEB will contain, 
approximately, only double the sun’s [maximum] equation of anomaly, namely 
4;46°. With a figure [5.9] similar [to the preceding], draw line EL, and drop 
perpendiculars LN (from L) and DM (from D) on to BE, and ZX from Z on to 
BE produced. Then, bv the same kind of calculation as before, since the angle at 

E, 


[Z AEB] 


•ft 


46° where 4 right angles = 360° 
32°° where 2 right angles = 360°°, 


in the circles about right-angled triangles EDM and EZX, 
arc DM = arc ZX = 9;32° 
and arc EM = arc EX = 170;28° (supplements). 

Crd arc DM = Crd arc ZX = 9;58 p , \ where hypotenuses DE and EZ 
and Crd arc ME = Crd arc EX = 119;35 p J = 120 p . 
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35 In the time of an eclipse, bee p. 136 n. 16. 
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V 10. Effect of direction of mean apogee 

Therefore where DE = EZ = 10; 19^* 
and DB, the radius of the eccentre, is 49;41 p , 

DM = ZX = 0;51 p 
and ME = EX = 10;17 p . 

And since BM 2 = BD 2 - DM 2 , 

BM ** 49;41 p . 

BE = [BM + ME =] 59;58 p , 

and, by addition [of EX], BX = 70; 15 P where ZX = 0;51 p . 



Therelore by the same argument, hypotenuse BZ [of triangle BZX] will be 
approximately the same size [as BX], 70;15 p . 

And BZ:ZX = BL.LN and BZ:BX = BL:B\. 

Therefore where BL, the radius of the epicycle, is 5:15 P . 
and BE. as was shown = 59:58 p , 

LX = 0;4 P and BX « 5;15 p . 

H400 and, by subtraction [of BN from BE], XE = 54:43 p where LX = 0;4 P . 

And since, from the preceding, hypotenuse EL [of triangle ELX] is not 
noticeably different from this amount 'of 54;43 p , it follows that, where 
hypotenuse EL = 120 p , 

LN«0;8 P , 

and, in the circle about right-angled triangle ELX, 
arc LN = 0;8 P . 

Therefore the difference in the moon's position due to the direction towards Z, 
/ BFI - 1 0;8°° where 2 right angles = 360°° 

~ \0;4° where 4 right angles = 360°. 36 


Ptolemy’s final result is correct (to the nearest minute), but some ol the intermediate results are 
inaccurate. E.g. just al>ove in the computation of LN, 0;4 x 120 54;43 is much closer to 0;9 than to 
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V 11. Hipparchus on lunar parallaxes 243 

Thus here too the difference in the moon’s equation of anomaly is [only] 4 
minutes of arc; and even this does not produce a significant error in the 
phenomena at the syzygies, since it cannot reach as much as£th of an hour, an 
amount one may expect to encounter frequently as a purely observational 
error. 

We made the above argumentation, not to show that one cannot take these 
differences into account, very small though they be, for the computation of 
syzygies too, but to show that we committed no noticeable error in our previous 
demonstrations using lunar eclipses when we used the [simple hypothesis], and 
not that supplemented by introducing the eccentre. 


11 . {On the moon's parallaxes } 37 

With the above we have about disposed of the [elements] necessary for finding 
the true positions of the moon. However, in the case of the moon there is the 
additional problem that its apparent position does not coincide with its true 
position, even to the senses. For. as we said [IV 1 p. 173], the earth does not bear 
the ratio of a point to the distance of the moon’s sphere. Hence it is both 
necessary and appropriate to discuss the lunar parallaxes, especially in order to 
deal with the theory of solar eclipses, amongst other phenomena. By means of 
the lunar parallaxes it will be possible, given a true position [of the moon], [i.e. 
its position] with respect to the centre of the earth and of the ecliptic, to 
determine its position as seen from the standpoint of the observer, that is from 
some point on the earth’s surface, and, vice versa, to determine the true position 
from the apparent position. Now it is a feature of this kind of enquiry that one 
cannot find the amount of the parallax for individual situations unless one is 
first given the ratio of the distance [of the body to the earth s radius], nor can 
one lind the ratio of the distance without the parallax for some particular 
situation being given. Hence for those bodies with no perceptible parallax, 
namely, those to [the distance ot] which the earth bears the ratio of a point, it is, 
obviously, impossible to find the ratio of the distance. But in the case of those 
bodies, like the moon, which do exhibit a parallax, the only appropriate 
procedure is, first given some particular parallax, to find the ratio of the 
distance. For it is possible to make an observation of a [particular] parallax of 
this kind by itself, but quite impossible to determine the amount of the distance 
[by itself]. 

Now r Hipparchus used the sun as the main basis of his examination of this 
problem. For since it follows from certain other characteristics of the sun and 
moon (which we shall discuss subsequently) that, given the distance to one of 
the luminaries, the distance to the other is also given, Hipparchus tries to 
demonstrate the moon’s distance by guessing at the sun’s. First he supposes that 
the sun has the least perceptible parallax, in order to find its distance, and then 


0;8. It looks as if he computed to two sexagesimal fractional places, and then fudged the results 
somewhat in the presentation. 

i7 On chs. 11 and 12 see HAMA 100-1. Pedersen 203-4. 
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244 V12. Construction of parallactic instrument 

he uses the solar eclipse which he adduces; at one time he assumes that the sun 
has no perceptible parallax, at another that it has a parallax big enough [to be 
observed]. As a result the ratio of the moon’s distance came out different for him 
for each of the hypotheses he put forward; for it is altogether uncertain in the 
case of the sun, not only how great its parallax is, but even whether it has any 
parallax at all. * 8 


H403 12. {On the construction of a parallactic instrument } 39 

We, in contrast, to avoid taking any uncertain factors into pur examination of 
this topic, constructed an instrument to enable us to observe as accurately as 
possible the amount of the moon's paraiiax, and its zenith distance, along the 
great circle through the poles of the horizon and the moon. 

We made two rods [Fig. G,l,2], rectangular [in cross-section], no less than 4 
cubits long, so as to admit finer graduation, and with a cross-section of sufficient 
size that they were not distorted because of their length, but each side 
conformed very strictly to a straight line. Then we drew' a straight line along the 
middle of the broader side of each rod, and alfixed to one of them [Fig. G.2], at 
each end. centred on the line, and perpendicular [to it], two rectangular plates, 
of equal size and parallel to each other [Fig. G.a.b]; each plate had an aperture 
exactly in the centre, the aperture at the eye being small, and that towards the 
moon being greater, in such a way that when one eye was placed at the plate 
H404 with the smaller aperture, the whole of the moon would be visible through the 
aperture on the other plate, which was aligned [with the first aperture]. We 
made a perforation of equal size through both rods at the end of the median line 
near the plate with the larger hole, and fitted a peg [Fig. G,c] through both 
perforations in such a way that the sides of the rods inscribed with the lines* 0 
were fastened together round the peg as a centre, but the rod with the plates 
could rotate freely in all directions without distortion. We wedged the rod with 
no plates on it [Fig. G, 1 ] into a base [Fig. G,4]. On the median line of each rod, 
at the end by the base, we took a point as far as possible from the centre of the 
peg (the same distance from it [on both rods]), and, on the rod with the base, 
divided the line so defined into 60 sections, subdividing each section into as 
many subdivisions as possible. We also attached to the back of the same rod, at 
its end, [two] plates [Fig. G,d,d] having their corresponding faces aligned with 


18 This passage is supplemented by Pappus’ commentary ad loc. (Romefl J167-8), which extracts 
some details of the two procedures of Hipparchus from Books l and 2 respectively of the latter’s ‘On 
sizes and distances’. For details of the important historical consequences which can be drawn see 
Toomer[9] (showing that the solar eclipse referred to is that of-189 Mar. 14), which builds on the 
work of Swerdlow, ‘Hipparchus’. 

19 On the instrument described in this chapter (known in the middle ages as a ‘triquetrum’) see 
Price. Precision Instruments’ 589-90 with Fig. 344. My Fig. G is based on the text of the Almagest 
rather than on the figure provided by Pappus in his commentary (Rome[l] I p. 71. with a modern 
reconstruction; see also Rome’s notes on pp. 70-5). 

40 The faces of rods 1 and 2 inscribed w ith the lines cannot be llush with one another, as is clear 
from Fig. G. Ptolemy seems to mean only that one views the inscribed faces of the two rods as radii of 
a circle with centre peg c. 
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each other, 41 and each being equidistant in ail respects from that same median 

line, so that when a plumb-line was suspended between them, the rod could be 

set up exactly perpendicular to the plane of the horizon. We also had a meridian 

line [Fig. G,e] ready drawn in the plane parallel to that of the horizon in an H405 

unshaded place. We set the instrument upright in such a way that the sides of 

41 Excising the words Jtp6^ ttj autf} ypanjir} at H404, 17-18. That would mean each having that 
face which was on the same side as the [graduated] line aligned with the other'. But this is 
impossible, since the plates are not to one side of the face with the graduations, but ‘on the back’, i.e. 
on the face opposite the graduated line. This is also dear from Pappus’ detailed description (Rome 
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the rods which were held flush with each other by the peg lay in the meridian, 
being parallel to the meridian line, and the rod with the base was fixed exactly 
perpendicular, in a firm and immovable position, while the other rod could 
move in the plane of the meridian about the peg, responding to the pressure [of 
the user]. 42 We also added another thin, straight rod, [Fig. G,3] attached by a 
small pin [Fig. G,f] at the base end of the graduated line, so that it too could be 
rotated, and long enough to reach the end of the line on the other rod 
equidistant [from the peg] when it was rotated to its maximum distance [from 
the base]; 43 thus by rotating it at the same time as the latter, one could use it to 
show the straight-line distance between the ends [of the centre-lines on the two 
rods]. 

We made our observations of the moon as follows. The moon had to be 
located on the meridian, and near the solstices on the ecliptic, since at such 
situations the great circle through the poles of the horizon and the centre of the 
moon very nearly coincides with the great circle through the poles of the 
H406 ecliptic, along which the moon’s latitude is taken. Furthermore the true 
distance [of the moon] from the zenith can also be conveniently determined 
from the same situation. When the moon was precisely in the meridian, we 
moved the rod with the [sighting-] plates on it round to the position in which the 
centre of the moon, when sighted through both apertures, was in the centre of 
the larger aperture. We marked on the thin rod the distance between the ends of 
the lines on the [two] rods, then applied the distance [marked on the thin rod] to 
the line on the upright rod graduated into 60 sections. Thus we found the 
amount of that distance in those units of which the radius of the circle described 
by the rotation [of the rod with the sighting-plates] in the plane of the meridian 
contains 60. By calculating the arc corresponding to that chord, we found the 
angular distance of the apparent centre of the moon from the zenith, measured 
along the great circle through the poles of the horizon and the moon’s centre, 
which coincided at that moment with the [great circle] through the poles of the 
equator and the ecliptic, [i.e.] the meridian. 

In order, first, to determine the precise amount of the moon’s greatest 
H407 deviation in latitude, we made sightings when the moon was simultaneously 


p. 75). Jtpo<; tt) auirj ypaputl a stupid gloss on iiii ret aura pepr|, which I have translated 
‘corresponding', but which literally means ‘in the same direction’. The interpolation is old, since it 
is lound in the Arabic tradition. 

42 I.e. the peg held the rods together tightly enough so that rod 2 would not move under its own 
weight, but loosely enough so that it could l)e rotated by the user. 

41 This rod has indeed to be ‘thin’, since it has to pass between the two rods 1 and 2. the faces of 
which are supposed to !>e Hush. Pappus overcomes this difliruhy by saying that rod 2 has to be 
hollowed out along its length to the depth of the thickness of rod 3 (Rome p. 73). There is the further 
difficulty that according to Ptolemy’s instructions rod 3 has to be longenough to reach to the end of 
rod 2 at the maximum rotation, presumably 90°: hence its length should be (>/2x length oi the 
graduated line). But since one measures the chord oi the zenith distance, not directly on rod 3, but 
by marking it on rod 3 and then measuring it on the scale on rod 1, no zenith distance greater than 
60° (the chord of which is 60 p ) can be measured. Hence, presumably. Pappus (p. 73) says that rod 3 
should be less than the length of the graduated line. Rome (p. 73 n.0) suggests that Ptolemy 
deiilieratelv chose this limit to avoid the complications of refraction near the horizon. It seems more 
likely that it is simply a by-product of Ptolemy’s construction, and that Pappus’short eningof the rod 
was done toavoid thedilliculties which would result from trying to apply rod 3 to the graduated line 
if it were 60 p or more. 
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near the summer solstice and near the northern limit of its inclined circle. 44 For 
in the region of those points the moon’s latitude remains sensibly the same over 
a considerable interval, and furthermore, since the moon is then very near the 
zenith at the parallel through Alexandria (at which we made our observations), 
its apparent position is approximately the same as its true position. At such 
situations it was found that the distance of the centre of the moon from the 
zenith was always about 2 1°. Hence by this method too the moon’s greatest 
latitude either side of the ecliptic is shown to be 5°. For the zenith distance of the 
equator at Alexandria has been shown to be 30;58°; if we subtract from this the 
28° (which is the apparent distance [of the centre of the moon from the zenith]), 
the result [28;505°] is about 5° greater than the distance from the equator to the 
summer solstice, which was shown to be 23;51°. 

Then, in order to attack the problem of the parallaxes, we observed the moon 
in the same way, but this time when it was near the winter solstice, both for the H408 
reason already mentioned [above] and because its distance from the zenith in 
that situation is the greatest of all such meridian positions, and thus provides us 
with a greater and more easily determinable parallax. We will set out one of a 
number of parallax observations which we made at such situations. By this 
means we shall display the method of calculation and at the same time provide a 
demonstration of the rest of what is to follow in the appropriate order. 


13. {Demonstration of the distances of the moon}** 


In the twentieth year of Hadrian. Athyr [III] 13 in the Egyptian calendar [135 
Oct. 1], 5s equinoctial hours after noon, just before sunset, we observed the 
moon when it was on the meridian. The apparent distance of its centre from the 
zenith , according to the instrument, was 50yi o . For the distance [measured] on 
the thin rod was 5111 of the 60 subdivisions into which the radius of revolution 
had been divided, and a chord of that size subtends an arc of 50n°. Now the 
time from epoch in the first year of Nabonassar to the moment of the above 
observation is 


882 Egyptian years 72 days 


{ 


5| equinoctial hours reckoned simply , 

5} equinoctial hours reckoned accurately. 


For this moment we find: 

mean longitude of the sun: 7;31° 

true longitude of the sun: ^ 5;28° 

mean longitude of the moon: f 25,44° 

elongation: 78; 13° 


distance [in anomaly] from mean apogee of epicycle: 262;20° 
distance in [argument of] latitude from the northern limit: 354;40°. 


H409 


u Since the revolution of the node takes place once in about 18i years, this situation occurs 9l 
yeare earlier or later than the similar situation of the moon near the winter solstice, observed by 
Ptolemy (V 13) in Oct. 135. Therefore these observations were made either in the summer of 126, or 
in the spring of 145. This is the only useful conclusion that can be drawn from the confused 
discussion of Newton, 184-6. 

**See-HAMA 101-3, Pedersep 204-7. 
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V 13. Determination of moon's true distance 

Hence the complete equation of anomaly, derived from the appropriate table, 
was +7;26°, so that the true position of the moon at that moment was: 
in longitude: 10® 3; 10° 

in [argument ot] latitude on 

the inclined circle: 2;6° from the northern limit 

in latitude on the great circle 
through the poles of the ecliptic 
(which almost coincided at that 

moment with the meridian): 46 4;59° north of the ecliptic. 

Now 10° 3; 10° is 23;49° south of the equator on the same [meridian] circle, and 
the equator is, likewise, 30;58° south of the zenith at Alexandria. Therefore the 
true distance of the centre of the moon from the zenith was [23;49 + 30;58 - 
4;59 =] 49;48°. And its apparent distance was 50;55°. Therefore the moon’s 
H410 parallax at the distance [of the moon from the earth] corresponding to the 
position in question was I;7° along the great circle through the moon and the 
poles of the horizon, when its true distance from the zenith was 49;48°. 

Now that we have established that, draw [Fig. 5.10] in the plane of the great 
circle through the poles of the horizon and the moon the following great circles, 
on the same centre: 
that of the earth, AB: 

that through the centre of the moon at the [above] observation, GD: 
the great circle to which the earth bears the ratio of a point, EZH0. 


E 



Fig. 5.10 


46 For the moon was almost at the winter solstice (cf. p. 247). 
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Let their common centre be K, and let the line through the points at the zenith 
be KAGE. Let us assume that the same distance of the moon, D, from the zenith 
at G is the amount already determined, 49;48°. Join KDH, AD0, and 
furthermore from point A, which represents the observer’s eye, draw AL as 
perpendicular to KB, and AZ as parallel to KH. 

Then it is obvious that for an observer at point A the moon’s parallax was arc 
H0. So arc H0 is 1;7°, according to the calculation from the observation. But 
since arc Z0 is negligibly greater than arc H0 (for the whole earth bears the 
ratio of a point to circle EZH0), arc ZH0 is very nearly the same, 1;7°. And 
since, again, point A is negligibly different from the centre of circle Z0, 

/ 7A0 - I w here 4 right angles = 360° 

~ \2;14°° where 2 right angles = 360°°. 

And Z ADL = Z ZA0 = 2;14°°. 

Therefore in the circle about right-angled triangle ADL, 
arc AL =2:14° 


and Crd arc AL = 2;21 p where hypotenuse AD = 120 p . 
But LD is negligibly smaller than AD. 

Therefore where LA = 2;21 p , LD 120**. 

Furthermore since, by hypothesis, arc GD = 49;48°, 
the angle at the centre of the circle, 

49;48° where 4 right angles = 360° 
99;36°° where 2 right angles = 360°° 
Therefore in the circle about right-angled triangle ALK 
arc AL = 99;36° 

and arc LK = 80;24° (supplement). 

Therefore the corresponding chords 
AL = 91 ;39 p 


Z GKD 


circu 

■{; 


and LK = 77;27 p 


where hypotenuse AK = 120 p . 


Therefore where AK, the radius of the earth, is l p , 

AL = 0;46 p 
and KL = 0;39 p . 

But where AL = 2;21 p , LD, as was shown, = 120 p . 

Therefore where AL = 0;46 p , LD = 39;6 P . 

And, in the same units, KL = 0;39 p . 
and the radius of the earth, KA = 1 p . 

Therefore where KA, the radius of the earth, is l p , 

by addition, KLD, which represents the distance of the moon at the 
observation, is 39;45 p . 47 

Now that we have demonstrated this, let [Fig. 5.11] the moon’s eccentre be 
ABG on centre D and diameter ADG, on which E is taken as the centre of the 
ecliptic, and Z as the point towards which [the mean apogee diameter of] the 
epicycle is directed. Draw the epicycle, H0KL, on point B, and join HB0E, BD 
and BKZ. Let L represent the position of the moon at the observation in 


H411 


H412 


H413 


47 There is an accumulated error here, due to a series of small inaccuracies and roundings. More 
accurate would be S^SO 1 *. 
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V13. Calculation of moon's distance in model 


question, and draw perpendiculars to BE, DM from D 48 and ZN from Z. 

Then since the amount of the elongation at the time of the observation was 
78; 13° [p. 247], it follows from the theory previously established that 
Z AEB = 156;26° where 4 right angles = 360°; 

_ f 23;34° where 4 right angles = 360° 

\ 47;8°° where 2 right angles = 360 OC 


hence its supplement, Z ZEN=ZDEM 


A 



Therefore in the circles about the corresponding right-angled triangles, [ZEN, 
DEM], since DE = EZ, 

arc DM = arc ZN = 47;8° 
and arc EM = arc EN = 132;52° [supplements]. 

Therefore the corresponding chords 

and EM - EN - tlO-tf* w ^ ere hypotenuse DE = hypotenuse EZ = \2(f. 

Therefore where DE = EZ = 10;19 p and DB, the radius of the eccentre, 
is 49;41 p , 

DM = ZN = 4;8 P 
and EM = EN = 9;27 p . 

And since BM 2 = BD 2 - DM 2 , 

BM = 49;31 p . 

And BE = [BM - EM =] 40;4 P , 

and, by subtraction [of EN from BE], BN = 30;37 p where ZN = 4;8 P . 

And since BN 2 + ZN 2 = BZ 2 , 
hypotenuse BZ = 30;54 p . 

48 Heiberg rightly excised ^KpXri0EToav (‘extended’) at H413,7 as an unnecessary gloss which 
disturbs the sentence structure. Transferring it after BE (as HaJma and Manitius) is no 
improvement, since the perpendicular from Z is not on the extension of BE. 
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Therefore in the circle about right-angled triangle BZN, 
where hypotenuse BZ = \2(f, 

ZN = 16;2 P 
and arc ZN = 15;21°. 

’ / ZBN - { 15;21°° where 2 right angles = 360°° 

~ \ about 7;40° where 4 right angles = 360°. 
That [7;40°], then, is the size of arc 0K of the epicycle. 

Next, the distance of the moon from the mean apogee of the epicycle at the 
moment of the observation was 262;20° fp. 247], and, obviously, its distance 
from K, the mean perigee, was 82;20° (by subtraction of a semi-circle). 
Therefore arc KL = 82;20° 

and arc 0KL = [arc 0K + arc KL =] 90;0°. 

So Z 0BL is a right angle. 

/. EL 2 = BL 2 + EB 2 , 

and where DB, the radius of the eccentre, is 49;41 p 
and BL, the radius of the epicycle, is 5;15 p , 

EB, as we showed = 40;4 P . 

EL = 40;25 p . 

Therefore the distance of the moon at the observation is 40;25 p , 
where BL, the radius of the epicycle, is 5; 15 P 

and where EA, the distance from the centre of the earth to the apogee of the 
eccentre, is 60 p . 

and where EG, the distance from the centre of the earth to the perigee of the 
eccentre, is 39;22 p . 

But we showed that the moon's distance at the observation, that is EL, was 
39;45 p where the radius of the earth is one. 

Therefore where EL, the distance of the moon at the observation, is 39;45 p , and 
the earth’s radius is l p , 

EA, the mean distance at the svzygies = 59;0 P , 49 
EG, the mean distance at the quadratures = 38;43 p , 
and the radius of the epicycle = 5;10 p . 

Q.E.D. 


H415 


H416 


14. {On the ratio of the apparent diameters of sun , moon and shadow at the svzygies} 30 

Now that we have demonstrated the distances of the moon in the above 
manner, the appropriate sequel is to demonstrate those of the sun as well. This 


4 *This result for the moons mean distance agrees well with the facts (it is slightly greater than 60 
earth-radii), which means that Ptolemy's parallax at svzygies (i.e. at solar eclipses) is fairly 
accurate. However, the process by which it is reached contains a number of errors (in the observed 
parallax, the latitude, the declination etc., and in the distance resulting from Ptolemy's model), 
which ‘miraculously' cancel each other out. For details see HAMA 102-3. This is no accident: 
Ptolemy knew (approximately) what the parallax had to be at eclipses, and chose an observation 
which produced that amount. For a suggestion that the figure of 59 earth-radii had already been 
derived by Hipparchus see Toomer[9] 131. 

^The chapter heading is placed by most Greek mss. (and by Heiberg’s text) before H416,20.1 
have transferred it here (before H416.9), following the Arabic mss. (cf. also D, which has it in the 
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too can readily be performed geometrically, if we are given, in addition to the 
distances of the moon at the syzygies, the sizes of the angles formed at the 
[observer’s] eye at the syzygies by the diameters of the sun, moon and shadow. 

Of the various methods used to solve the latter problem, we have rejected 
those claiming to measure the luminaries by measuring [the flow of] water or by 
the time [the bodies] take to rise at the equinox, 51 since such methods cannot 
H4I7 provide an accurate result for the matter in hand. Instead, we too constructed 
the kind of dioptra which Hipparchus described, which uses a four-cubit rod, 32 
and, observing with this, found that the sun’s diameter always subtends 
approximately the same angle, there being no noticeable difference due to [the 
variation in] its distance, but that the moon subtends the same angle as the sun 
only when it is at its greatest distance from the earth (i.e. the apogee of the 
epicycie) at fuii moon, in contradiction to the hypotheses of my predecessors, 
[who assumed that it subtends the same angle as the sun at full moon] when it is 
at mean distance. 33 Furthermore, we find that the angles themselves are 
considerably smaller than those traditionally accepted. 34 However our com¬ 
putation of the latter rests, not on measurement with the dioptra, but on certain 
lunar eclipses. For although it was possible to determine readily from the 
dioptra, as constructed, when both diameters subtend the same angle (since 
such a determination involves no actual measurement), the amount [of the angle 
subtended] seemed utterly dubious to us, since the measurement 33 involving the 
positioning of the width [of the plate] which covers [the body being sighted] on 


upper margin), as a more appropriate break. Cf. Introduction p. 5. On ch. 14 see HAMA 103-8, 
Pedersen 207-9 (with the corrections Toomer [3] 140. 143, 149). 

'According to Pappus ad loc. (Rome(l] I 87-9) the more ancient astronomers’ used water- 
clocks to measure the time taken by the sun to cross the horizon, a procedure criticised by 
Hipparchus. He refers to a lost work of Heron, rrept uSpitav (opooKOTre'uov, on which see also 
Proclus, Hypotyposis IV 73-6 (ed. Manitius p. 120-2). At H416,21 Heiberg rightly accents 
uSpopetptwv (from the abstract uSpopetpia). There is no evidence for the existence of 
GSpopetptov, "vessel lor measuring flow of water’, conjectured by LSJ s.v. In the corresponding 
passage Proclus p. 120 line 14 we should read GSpo^ov'ttav. Cf. also HAMA 103 n. 1. 

32 There are ancient descriptions of this instrument by Pappus in his commentary ad loc. 
(Romejl] I 90-2) and by Proclus, Hypotyposis IV 87-96 (ed. Manitius pp. 126-30). See Price, 
"Precision Instruments’ 591, and, for modern literature, HAMA 103 n.2. The essential feature is a 
plate Jtptapdtiov, H417.22-3) which can be moved along a graduated rod until it appears to 
exactly cover the object being sighted by the eye placed at one end of the rod. 

33 It was shown by Swerdlow, "Hipparchus’ 291-8, that Hipparchus was one of those who held 
this. An important consequence of this hypothesis is that annular solar eclipses become possible, 
whereas under Ptolemy’s assumption they are impossible. 

34 Hipparchus (see IV 9 p. 205) assumed that the moon at mean distance subtends a six hundred 
and fiftieth of its circle, or about 0:33,14°: hence his figure for the sun’s diameter was the same. 
Ptolemy (below) finds that when moon and sun have the same apparent diameter (at maximum 
distance) it is 0:31,20°, considerably smaller. This must be what he means here. However, his value 
for the lunar diameter at mean distance, 0;33,20°, is negligibly different from Hipparchus’. 

33 Excising 7rXeioTT|<; oOarjq at H417,23, to which I can attach no meaning (it cannot mean very 
laborious’, as Manitius translates, nor, if it could, would it be true). The variant TcXeioTau; oucxau; 
found in D, part of the Arabic tradition (L) and Pappus (Romefl] I 93,21) can be translated 
("involving multiple positionings’), but it is not true that sighting the moon would require more 
than one positioning of the plate. Unless the corruption lies deeper (e.g. JiXeiaTTjt; has replaced a 
word meaning delicate’) one must assume that TcXeiaxan; ouoat^ was an inept gloss intended to 
explain why the process was inaccurate, and that this was corrupted to the unintelligible ttX,EioTr|<; 
o0ctt|<; by attraction to rtapapfipiioeax;. 
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the length of the rod running from the eye to the plate can be inaccurate. 
However, once it was determined that the moon is at its greatest distance when H418 
it subtends the same angle at the eye as the sun, we computed the size of the 
angle it subtends from observations of lunar eclipses in which the moon was 
near that [greatest] distance, and thence obtained immediately the size oi the 
angle subtended by the sun. We shall explain the method of procedure in this by 
means of two of the eclipses used. 

In the fifth year of Nabopolassar, which is the 127 th year from Nabonassar, 

Athyr [III] 27/28 in the Egyptian calendar [-620 Apr. 21/22], at the end of the 
eleventh hour in Babylon, the moon began to be eclipsed; the maximum 
obscuration was i of the diameter from the south. Now, since the beginningof 
the eclipse occurred 5 seasonal hours after midnight, and mid-eclipse about 6 
[seasonal hours after midnight], which correspond to 56 equinoctial hours 
at Babylon on that date (for the true position of the sun was SP 27;3°), it is 
clear that mid-eclipse, which is when the greatest part of the diameter is 
immersed in the shadow, occurred 51 equinoctial hours after midnight in 
Babvion, and exactly 5 [hours after midnight] at Alexandria. 36 
The time from epoch is 

126 Egyptian years 86 days 

Therefore the lunar position was as follows: 
mean position in longitude: — 25;32° 

true position in longitude: — 27:5° 

distance [in anomaly] from the apogee oi the epicycle: 340;7° 
distance [in latitude] from the northern limit on the inclined circle: 80;40°. 

Thus it is clear that when the centre of the moon near its greatest distance is 
9t° distant from the node, measured along its inclined circle, and the centre of 
the shadow lies on the great circle drawn through the moon’s centre at right 
angles to the inclined circle (which is the situation at which the greatest 
obscuration occurs), i of the moon’s diameter is immersed in the shadow. 

Again, in the seventh year of Kambyses, which is the 225th year from 
Nabonassar, Phamenoth [VII] 17/18 in the Egyptian calendar [-522 July 
16/17], 1 [equinoctial] hour before midnight at Babylon, the moon was eclipsed 
half its diameter from the north. Thus this eclipse occurred about 1 i equinoctial 
hours before midnight at Alexandria/ 8 The time from epoch is 


J 17 equinoctial hours reckoned simply H419 

\ I6l equinoctial hours in mean solar days/ 7 




™Oppolzer no. 901: mid-eclipse 2:38 a.m. i' 8 ** 4j h after midnight at Alexandria ;, magnitude 1.6 d . 
P.V. Neugebauer, Spezieller Kanon . gives about 5j h after midnight (Babylon; for mid-eclipse, 
magnitude 2.1 . 

57 The equation of time for a solar longitude of T 27° is about -20 mins, rather than -15 mins. 

58 Oppolzer no. 1056: mid-eclipse 21;0 h (** 11 p.m. Alexandria), magnitude 6.1 d . P.V. 
Neugebauer gives mid-eclipse as ca. 23.6 h Babylon, magnitude 6.l d . The time used by Ptolemy is 
clearly in error (although the computed positions of sun and moon must have seemed to him to 
confirm it), but the source of his error is too complicated to discuss here. The best treatment is in 
Britton[l] 81-4. For this eclipse (alone of those preserved in Almagest) there is also an extant, 
cuneiform report (published by Kugler, SSB I p. 71). According to A. J. Sachs this text should be 
translated as follows: ‘Year VII, month IV, night of the fourteenth, 15 double hours in the night a 
“total” lunar eclipse took place [with only] a little remaining [uneclipsed]. The north wind blew’. 
Here the time agrees with modem computations (and disagrees with Ptolemy), but the magnitude 
disagrees with both. 
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~ irk ~ . f lOi equino€tial hours reckoned simply 

224 Egyptian years 196 days j. g| equinocdal hours reckoned accur L ly 

H420 (for the position of the sun was 23 18; 12°). 

Therefore the lunar position was as follows: 

mean position in longitude: V> 20;22° 

true position in longitude: 10° 18;14° 59 

distance [in anomaly] from the apogee of the epicycle: 28;5 o6 ° 
distance [in latitude] from the northern limit on the inclined circle: 262; 12°. 
Hence it is clear that, when the centre of the moon, again near its greatest 
distance, is 75° from the node, as measured along its inclined circle, and the centre 
of the shadow has the same position relative to it as before, half of the moon’s 
diameter is immersed in the shadow. 

But, when the moon’s centre is9i° from the node along the inclined circle, it is 
48j' from the ecliptic along the great circle drawn through it at right angles to the 
inclined circle [the orbit]; and when it is 7?° from the node along the inclined 
circle, it is 40?' from the ecliptic along the great circle drawn through it at right 
angles to the inclined circle. 61 Therefore, since the difference between [the sizes 
ol] the two eclipses comprises j of the moon’s diameter, and the difference 
H421 between the above distances of the moon’s centre from the ecliptic (i.e. from the 
centre of the shadow) comprises [48i - 40? =] ll f , it is obvious that the total 
diameter of the moon subtends a great circle arc of [4 x ll =] 31 j'. 

From the same data it is easy to see that the radius of the shadow at the same 
greatest distance of the moon subtends40?'. For when the moon’s centre was that 
distance [40?'] from the centre of the shadow, it was touching the edge of the 
shadow's circumference, because [in that situation] half of the moon’s diameter 
was eclipsed. This is negligibly less than 2 5 times the radius of the moon, which is 
IS?'. The values we derive for the above quantities from a number of similar 
observations are in agreement with these; 62 hence we use them, both in other 
parts of the theory, concerning eclipses, 63 and in the following demonstration of 
the solar distance, which will be along the same lines as that followed by 
Hipparchus. A further presupposition [ofthisdemonstration] is that thecirclesof 
H422 sun, moon and earth enclosed by the cones are not noticeably less than great 
circles on their spheres, and the diameter's too [not noticeably less than great 
circle diameters]. 64 


19 Possibly one should read 18:11° with D 1 (computed: 18:10). 

^Ptolemy has made a computing error here: correct iscf = 27:54°. Obviously, he has computed 
(here only) lor the uncorrected time ol 10^ h . However, this has no serious consequences, since it is 
merely intended to show that the moon is near the apogee of the epicycle. The discrepancy in the 
true position (see n.59) cannot be explained by this error. 

bl On the computation of these amounts see HAMA 107. It seems probable that they were, 
properly, computed from a spherical triangle with the right angle at the moon’s orbit (rather than 
from a plane triangle or any of the other approximations suggested there). But the computations are 
inaccurate: Ptolemy should have found 48i / and 40^ respectively. For similar computations with 
the moon at the perigee of the epicycle see VI 5 pp. 284-5. 

b2 Although Ptolemy’s procedure for finding the apparent diameters of moon and shadow is both 
elegant and theoretically correct, it suffers from serious practical disadvantages. On these, and the 
inaccuracies involved in his actual computations, see HAMA 106-8. 
hi Reference to VI 5-7 and VI 11. 

M I-e. in Fig. 5.12 the cones from points N and X enclosing the spheres of sun (ABO), moon(EZH) 
and earth (KLM) have bases (the circles on AG, EH and KM) which are not sensibly less than great 
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15. {On the distance of the sun and other consequences of the demonstration of that} 65 

Now, given the above, and given that the greatest distance of the moon at the 
syzygies is 64; 10 units where the earth’s radius is 1 (for we showed [p. 251] that its 
mean distance is 59 of those units, and the radius of the epicyle 5; 10), let us seethe 
size of the sun’s distance which results. 

[See Fig. 5.12. ] Let there be the following great circles of the [various] spherical 
bodies lying in the same plane: circle ABG ofthe sun’s, on centre D, circle EZHof 
the moon’s at its greatest distance, on centre ©, circle KLM of the earth’s, on 
centre N. Let AXG be the plane through the centres [in the tangent cone] 
enclosing earth and sun, and ANG the plane through the centres [in the tangent 
cone] enclosing sun and moon, with D0XX as common axis. Let the straight 
lines through the points of tangency, which are, obviously, parallel to each other, 
and sensibly equal to diameters, be ADG on the sun’s circle, E0 H on the moon’s 
circle, KNM on the earth’s circle, and OPR on the circle ofthe shadow in which 
the moon is immersed at its greatest distance (thus 0N equals NP, and each of 
them is 64; 10 units where NL, the earth’s radius, is 1). 

Then we have to find the ratio between ND. the distance of the sun. and NL, 
the earth’s radius. 

Produce EH to [meet XG at] S. 

Since we demonstrated [p. 254] that the moon's diameter at the distance in 
question, namely the greatest distance in the syzygies, subtends 0;31,20° ofthe 
circle drawn through the moon about the earth’s centre, 

Z ENH = 0:31,20° where 4 right angles = 360°, 
and Z 0NH = [ Z ENH = 0;31,20°° where 2 right angles = 360°°. 

Therefore in the circle about right-angled triangle NH0, 
arc 0H = 0,31,20° 

and arc 0N = 179;28,40° (supplement). 

Therefore the corresponding chords 

H0 = 0;32,48 p 1 , !OAP 

and N0 - 120 p j wherC d,amCter NH = 120 ' 

Therefore where N0 = 64; 10, 0H = 0; 17,33. 

And NM, the radius of the earth, is 1 in the same units. 

But PR:0H«2;36 : 1 [p. 254]. 

PR = 0;45,38 in the same units. 

0H + PR = 1 ;3,11 where NM = 1. 

But PR + 0S = 2, since PR + 0S = 2NM 
(for, as we said, all [three] are parallel, and NP = N0). 

Therefore, by subtraction [of (PR + 0H) from (PR + 0S)], 

HS = 0;56,49 where NM = 1. 

And NM:HS = NG:HG = ND:0D. 


circles in those spheres: thus AG, EH and KM can be treated as diameters of the spheres. This 
simplifying approximation is fully justified by the magnitude of the distances of the Ixxlies 
compared with their diameters. 

On chs. 15 and lfi see H.-IJUA 109-12, Pedersen 209-13. 


H423 


H424 
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Therefore where ND = i, D0 = 0;56,49, and, by subtraction, 0N = 0;3,11. 
Therefore where N0 = 64; 10 and NM = 1, 
the sun’s distance, ND* 3 * 1210. 

Similarly, as we showed, PR = 0;45,38 where NM = 1, 
and NM:PR = NX:XP. 

Therefore where NX = 1, XP = 0;45,38 
and, by subtraction, PN = 0; 14,22. 

Therefore where PN = 64; 10 and NM, the earth’s radius, = 1, 
XP«203;50, 

and, by addition, XN = 268. 

Therefore we have calculated that where the earth’s radius is 1 
the mean distance of the moon at the syzvgies is 59 
the distance of the sun is 1210 

and the distance from the centre of the earth to the apex of the shadow cone is 
268. 


16. {On the sizes of sun, moon and earth } H426 

The ratios of the volumes of the bodies are immediately derivable from the 
ratios of the diameters of sun, moon and earth. 

For, since we have shown that, where NM, the earth’s radius, is 1, 
the moon's radius. 0H = 0:17.33 
and N0 = 64; 10, 
and since N0:0H = ND:DG, 
and ND was shown to be 1210 in the same units, 
the radius of the sun, DG^ 5; in the same units. 

So the diameters will have the same ratios. 

Therefore where the moon's diameter is 1, the earth's diameter will be about 3|, 
and the sun’s 18?. 

Therefore the earth’s diameter is 3? times the moon’s 
and the sun’s diameter is 18? times the moon’s 

and 5i times the earth’s. H427 

And. using the same numbers, 

since l 3 = 1, 
and 3f 3 ** 39i, 
and 18? 3sa5? 6644!, 

we conclude that, where the moon’s volume is 1, 
the earth’s volume is 39i and the sun’s 6644^. 

Therefore the sun’s volume is about 170 times that of the earth. 66 


6b There is no point in estimating the relative volumes of the bodies, but it was evidently , 
traditional in Greek astronomy, for Theon of Smyrna (ed. Hiller p. 197) and Calcidius (ed. Waszink 
p. 143) quote from Hipparchus’ work on sizes anddistances the statement that the sun is 1880 times 
the size of the earth and the earth 27 times the size of the moon; these ratios plainly refer to relative 
volumes. In his Planetary Hypotheses (ed. Goldstein p. 9) Ptolemy gives the volumes of all the planets 
relative to the earth. 
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17. {On the individual parallaxes of sun and moon\ bl 

With the above as basis, the next problem is to demonstrate, again brielly, how 
one may calculate the individual parallaxes of sun and moon from the amount 
of their distances. First [we deal with] the parallaxes with respect to the great 
circle drawn through the zenith and the body. 68 

H428 [See Fig. 5.13.] In the plane of that great circle, then, let the great circle 
representing the [surface of the] earth again [as in Fig. 5.10] be AB, the great 
circle representing the [position of the] sun or moon GD, and the great circle to 
which the earth beat’s the ratio of a point EZH0. Let K be the centre of all 


E 



[these circles], and KAGE the diameter through the zenith. Cut oil from the 
zenith point G arc GD; let it be, e.g., 30°, and again draw KDH and AD©, from 
A draw AZ parallel to KH, and drop perpendicular AL on to KH. 

Now neither of the luminaries always remains at the same distance. But the 
resulting difference in the sun’s parallaxes will be very small and imperceptible, 
since the eccentricity of its circle is small, and its distance great. For the moon, 
however, the resulting difference will be very perceptible, both because of its 


67 Sec HAMA 112-15, Pedersen 213-17. 

w In contrast to the longitudinal and latitudinal components of this ‘total’ parallax; these are 
dealt with in V 19. 
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motion on the epicycle and because of the motion of the epicycle on the 
eccentre, each of which produces quite a large difference in the distance. 
Therefore we shall demonstrate the solar parallaxes for a single ratio, namely 
1210:1, but we shall demonstrate the lunar parallaxes for the four ratios which 
will be most convenient for the methods we shall subsequently develop. The 
four distances we have chosen are as follows: 

The first two are 

[1] when the epicycle is at the apogee of the eccentre, 

[a] the distance to the apogee of the epicycle, which we concluded from our 
previous demonstration [p. 255] to be 64; 10 earth-radii; 

[b] the distance to the perigee of the epicycle, which we compute to be 
[59;0 - 5; 10 =] 53;50 earth-radii. 

The second two are 

[2] when the epicycle is at the perigee of the eccentre, 

[a] the distance to the apogee of the epicycle, which we concluded from our 
previous demonstration [p. 251] to be [38;43 + 5; 10 =] 43;53 earth- 
radii; 


Z GKD=- 


[b] the distance to the perigee of the epicycle, which we compute as 
[38;43 - 5:10 =] 33;33 earth-radii. 

Then, since arc GD = 30°, by hypothesis, 

f 30° where 4 right angles = 360° 

\ 60°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle AKL 
arc AL = 60°, 

and arc KL = 120° (supplement). 

Therefore the corresponding chords 


;v 


where diameter AK = 120 p . 


AL = 60” 

and KL = 103;55 P J 
Therefore where AK = l p , AL = 0;30 p and KL = 0;52 p . 


And, in the same units, 

1210 P for the sun's distance 

64;10 p for the moon's first limit [la] 

KLD = 53;50 p for the moon's second limit "[lb] 


43;53 p for the moon’s third limit [2a] 

33;33 p for the moon's fourth limit [2b]. 

And, by subtraction, LD [= KLD - KL], which is the same as AD, since tbe 
difference is imperceptible. 

1209;8 P for the sun’s distance 

63;18 p for the moon’s first limit [la] 

AD =< 52;58 p for the moon’s second limit [lb] 

43; l p for the moon’s third limit [2a] 

32;41 p for the moon’s fourth limit [2b]. 


Therefore, where hypotenuse AD = 120**, then (assuming the same order, to 
avoid repetition) 

[Sun] [Moon] 

[la] [lb] [2a] 

0;2,59* 0;56,52 p l;7,58 p l;23,41 p 




H429 


H430 


AL = 


[2b] 

\;5Q&. 
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0;1;25° 0;27,9 C 


Therefore in the circle about right-angled triangle DLA 69 
arc AL = 0;2,50° Q-,54,18 6 1;4,54° about 1;20° about 1;45°. 

Z ADB = f0;2,50°° 0;54,18°° I;4,54°° 1;20°° 1;45°° 

L ZA0 = i where 2 right angles = 360°° 

0;32,27° 0;40 o7 ° 0;52,30° 

where 4 right angles = 360° . 
So, since point A is negligibly different from centre K, and arc ZH0 is 
negligibly greater than arc H0 (for the whole earth has the ratio of a point to 
circle EZH0), in circle EZH0, the arc of the parallax 
0;1,25° for the sun’s distance 
0;27,9° for the moon’s first limit 
arc H0 = ^ 0;32,27° for the moon’s second limit 
0;40° for the moon's third limit 
0;52.30° for the moon’s fourth limit. 

Q.E.D. 

In the same way we calculated the parallaxes for the other zenith distances (at 
intervals of 6° up to the 90° of the quadrant) at each limit, and constructed a 
table to determine the parallaxes. The table has, again, 45 lines, and 9 columns. 
In the first column we put the 90 degrees of the quadrant, tabulating them, 
obviously, at two-degree intervals; in the second column we put the minutes of 
solar parallax corresponding to each argument, in the third column the lunar 
parallax at the first limit; in the fourth column the increment in the [lunar] 
parallax at the second limit over the first limit; in the fifth column the [lunar] 
parallax at the third limit; and in the sixth the increment in the [lunar] parallax 
at the fourth limit over the third limit. Thus, for example, for an argument of 
30° we put 0;1,25° for the sun, then 0;27,9° for the fust limit of the moon; next 
0;5,18°, which is the increment of the second limit over the first; then 0;40°, for 
the third limit, and next 0; 12,30°, which is the increment of the fourth limit over 
the third. 

We needed to provide a convenient method of calculating the parallax 
(corresponding to the appropriate argument) for distances [of the moon] at 
intermediate positions between apogee and perigee [of eccentre and epicycle] 
from the parallaxes tabulated at the above four limits, using minutes [of 
interpolation]. To this end we added the remaining three columns, to account 
for those differences. We calculated these columns in the following manner. 

Let [Fig. 5.14] the moon’s epicycle be ABGD on centre E, and let Z be the 
centre of the ecliptic and the earth. Join [ZE with line] AEDZ, draw ZGB, join 
BE, GE, and drop perpendiculars on to AD, BH from B, and G0 from G. Let us 
suppose, first, that arc AB, the moon’s distance from A, the true apogee [of the 
epicycle] as taken with respect to centre Z, is, e.g. 60°. 

* / BFH - /^° w here 4 right angles = 360° 

\ 120°° where 2 right angles = 360°°. 


69 From here on Ptolemy drastically rounds his computations for the moon’s third and fourth 
limits. His rationale, no doubt, is that in computing solar eclipses (for which the parallax table is 
principally designed) the moon is by definition near the apogee of the eccentre, and hence there is 
no use for the third and fourth limits. Cf. p. 264 n.73. 

70 Reading o p (with D,Ar) for o p o (0;40,0) at H431,4 and at H431J3. 
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where diameter EB = I2(f. 


Therefore in the circle about right-angled triangle BEH 
arc BH = 120° 

and arc EH = 60° (supplement). 

Therefore the corresponding chords 
BH = 103;55 p 1 
and EH = 60** J 
But when centre E of the epicycle is at the apogee of the eccentre, 
ZE:EB = 60 : 5; 15. 

Therefore, where EB = 5;15 p , 

BH =: 4;33 p 
EH = 2;38 p 

and, by addition [of EH to EZ], HEZ = 62;38 p . 

And ZB 2 = ZH 2 + HB 2 . 


ZB = 62;48 p , where 

the distance of the first limit, ZA = 65;15 p 
the distance of the second limit, ZD = 54;45 p 
and the difference between the two limits, AD = 10;30 p . 

Therefore the difference at B with respect to the first limit is [65; 15 - 
62;48 =] 2;27 p where the total difference is lO^CP. Therefore where the total 
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H435 


H436 


H437 


difference is GO* 1 , the difference at B will be 14;0 P . This [14;0], then, is the 
amount which we shall enter in the seventh column on the line [corresponding 
to the argument] of half of the number 60, namely 30. The reason for this is that 
the 90 degrees comprised in the first column of the table contain half of the 180 
degrees from A to D. 71 

By the same reasoning, if we suppose arc GD to be the same size [as arc AB 
above], 60°, it will be shown that 
G0 = 4*33 p l 

and E0 = 2;38 p J where radius EG = 5 ’ 15? ' 

Hence, by subtraction [of E© from ZE], Z© = 57;22 p . 

By thesamereasoning[asabove], hypotenuseZG = [ \Jbl\22 2 + 4;33 2 =] 57;33 p . 
We again subtract this from the 65; 15 P of the first limit, and find that the result, 
7 ;42 p , is 44;0 sixtieths of the total difference. This is what we shall enter in the same 
[seventh] column opposite the argument 60, since arc ABG = 120°. 

With the same arcs [AB and GD] as basis, let us suppose that centre E is at the 
perigee of the eccentre, which is the position defining the third and fourth limits. 
In this position 


ZE:EB = 60:8. 

Therefore where BE = 8 P , and assuming both arc AB and arc GD as 60°, 
BH 


and EH 


G© = 6;56 p 1 
= E© = 4;0 P J 


where ZE = 60 p . 


ZH = [ZE + EH =] 64 p 
and Z© = [ZE - EH =] 56 p , 
so, by the same reasoning [as above] 

hypotenuse ZB = [ VZH 2 + BH 1 =] 64;23 p 
and hypotenuse ZG = [\J Z© 2 + G© L =] 56;26 p , 
where the [distance ot] the third limit, ZA = 68 p , 
and the difference between the third and fourth limits, AD = 16 p . 

And 68 p - 64;23 p = 3;37 p , which is 13;33 sixtieths of the total difference, 16 p . 
We enter this amount [ 13;33] in the eighth column opposite the argument 30, in 
the same way as before. 

Also, 68 p - 56;26 p = ll;34 p , which is 43;24 sixtieths of the total difference, 
16 p . This amount we enter, similarly, in the eighth column opposite the 
argument 60. 

That, then, is the way we shall set out the corrections computed for the 
motion of the moon on the epicycle. The corrections for the motion of the 
epicycle on the eccentre will be derived as follows. 

Let [Fig. 5.15] the moon’s eccentre be ABGD on centre E and diameterAEG, 
on which Z is taken as the centre of the ecliptic. Draw BZD, and let angles AZB 
and GZD both, again, be taken as 60°. These situations occur at elongations of 
30° (when the centre of the epicycle is at B), and 120° (when the centre of the 
epicycle is at D).Join BE, ED, and drop perpendicular EH from E on to BZD. 


71 The main part of Table V 18 (cols. 2 to 6) is a function of the zenith distance, which varies 
Ixftween 0° and 90°. The interpolation columns 7 and 8, however, are a function of the anomaly a, 
which varies i>etween 0° and 180°. In order to use the same argument column lor Ixnh, Ptolemy 
tabulates cols. 7 and 8 as a function of la. 

72 Cf. V 7 p. 235. 
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R 



Then, since L BZA = 120°° where 2 right angles = 360 o< 
in the circle about right-angled triangle EZH, ' 

arc EH = 120° 

and arc ZH = 60° (supplement). 

Therefore the corresponding chords 

EH = 103;55 p \ . , „ lonP 

a d HZ 60 p f vviere hypotenuse EZ = 12(r. 

Therefore where the distance between the centres, EZ = 10; 19 P 
and the radius of the eccentre is 49;4I P , 

EH = 8;56 p 


and ZH = 5;\(P. 

And since BH 2 =: BE 2 - EH 2 , 

BH = DH = 48;53 p in the same units. 

Therefore, by addition [ of ZH to BH], ZB = 54;3 P , 
and, by subtraction [of ZH from DH], ZD = 43;43 p 
where [the distance for] the first [two] limits, ZA = 60 p 
[the distance for] last [two] limits, ZG = 39;22 p 
and the difference between them = 20;38 p . 

Now 60 p - 54;3 P = 5;57 p , which is 17; 18 sixtieths of the total difference of 
20;38 p ; 

and 60 p - 43;43 p = 16;17 p , which is 47;21 sixtieths of the total difference of 
20;38 p . 

Therefore, obviously, we shall enter 17,18 in the ninth column opposite the 
argument 30° of elongation, and 47,21 opposite 120°, i.e. again opposite 60°; 
for, since the perigee [of the eccentre] lies at 90° [of elongation], an elongation of 
60° is equivalent in distance to an elongation of 120°. 
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H439 In the same way we calculated the minutes [of coefficient of interpolation] for 
the differences over the three intervals in question for the other arcs. We 
performed the calculation at intervals of 12°, which corresponds to 6° in the 
arguments in the table, since the 180° from apogee [of the epicycle or eccentre] 
to perigee correspond to the 90° of [the argument column in] the table. We 
entered these minutes, calculated geometrically, opposite the appropriate 
argument. We derived the entries for the intermediate arguments by linear 
interpolation over the six-degree intervals: for the difference between the results 
so derived and [accurate] geometrical calculation is negligible over such a short 
interval, both for the minutes and for the actual parallaxes. 

The table is as follows. 


H442-3 


18. [Parallax Table } 73 
[See p. 265.] 


H444 19. {On the determination of the parallaxes } 74 

So, when we decide to determine the amount of the moon’s parallax at any 
given [lunar] position, (first) with respect to the great circle drawn through the 
moon and the zenith, we examine its distance (in equinoctial hours) from the 
meridian at the latitude in question. With the distance found as argument, we 
enter the Table of Angies [II 13] for the appropriate latitude and zodiacal sign, 
and take the amount in degrees in the second column corresponding to the 
hour, interpolating between integer hours if necessary. 75 This gives us the 
distance of the moon from the zenith, measured along the great circle joining 
the two. With this as argument, we enter the Table of Parallaxes [V 18], 
determine on which line in the first column the argument is to be found, and 
taking the numbers corresponding to this in the four columns following the 
column of solar parallaxes, namely the third, fourth, fifth and sixth columns, 
write each one down separately. Then we take the corrected anomaly (i.e. with 
respect to the true apogee [of the epicycle]) at that moment: [if it is less than 
H445 180°,] we take the anomaly itself, but if it is greater than 180°, we take (360° 

minus anomaly); we always halve the amount so obtained, and, entering with 
this into the same [column of] arguments, determine the number of minutes 
corresponding to it in both the seventh and eighth columns separately. We take 
the minutes found from the seventh column, multiply them into the difference 

73 As Ptolemy says (pp. 260 and 264), the entries in this table are calculated at every 6° of 
argument (i.e. every third entry), the intermediate values being derived by linear interpolation. 
Note that the values lor the third and fourth limits (cols. 5 and 6), though tabulated to 3 significant 
places, are in fact calculated to only 2 places (for the reason see p. 260 n.69): the calculated values 
(for args. 6°, 12° etc.) always end in 0 or 30. They are therelore rather inaccurate. 

Correction to Heiberg: H443,41, entry in col. 9 for arg. 72°, read ve Ka (with D,Ar) for ve pa 
(55,41). 

'*See HAMA 114-17, Pedersen 217-19. 

'’Literally 'either in toto , or the amount proportional to the fraction of an hour'. 
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found from the lourth column, and (always) add the result to the parallax from 
the third column. [Likewise] we take the minutes found from the eighth 
column, multiply them into the difference found from the sixth column, and 
again (always) add the result to the parallax from the fifth column. Thus we 
have obtained two parallaxes; we take the difference between these and write it 
down. Next we take the mean elongation of the moon from the sun, or else the 
mean elongation of the moon from the point opposite the [mean] sun, 
whichever of these two distances is the lesser, 76 and entering with this too into 
the arguments in the first column, take the minutes corresponding to it in the 
ninth and last column. We multiply these into the difference between the two 
parallaxes which we wrote down, and (always) add the result to the smaller 
(that is, the one derived from the third and fourth columns). This sum will give 
us the moon’s parallax as measured along the great circle through the moon and 
the zenith. 

H446 The sun’s parallax for a similar situation [i.e. as measured along an altitude 
circle] is immediately determined, in a simple fashion, (for solar eclipses), from 
the number in the second column corresponding to the size of the arc from the 
zenith [to the sun]. 77 

Now, in order to determine the parallax with respect to the ecliptic, in both 
longitude and latitude, at the given time, we again enter, with the same dis¬ 
tance of the moon from the meridian in equinoctial hours [as before], into the 
same part of the Table of Angles [II 13], and take the number of degrees 
corresponding to that hour, in the third column if the moon is to the east of the 
meridian, or in the fourth column if it is to the west of the meridian. We examine 
the result, and if it is less than 90° we write down the number itself; but if it is 
greater than 90°, we write down its supplement, since that will be the size in 
degrees of the lesser of the two angles at the intersection [of ecliptic and altitude 
circle] in question. We double the number written down, and enter with this 
[doubled] number, and also with its supplement, into the Table of Chords 
[I 11]. The ratio of the chord of the doubled number to the chord of the 
supplement will give the ratio of the latitudinal parallax to the longitudinal 
H447 parallax (for circular arcs of such small size are not noticeably different from 
straight lines). So we multiply the amounts of the chords in question by the 
parallax determined with respect to the altitude circle, and divide the products, 
each separately, by 120. The results of the division give us the separate 
components of the parallax. The following general rules apply. 

For the latitudinal parallax, when the zenith is to the north of the point of the 
ecliptic then culminating, on the meridian, the [effect of the] parallax will be 
towards the south of it [the ecliptic]; but when the zenith is to the south of the 
culminating point, [the effect of] the parallax in latitude will be towards the 
north. 

For the longitudinal parallax: the angles tabulated in the Table [II 13] 
represent the northernmost of the two angles cut off to the rear oft he intersection 

7b I.e. (see HAMA 114) we take as argument r\ ' (which cannot exceed 90°), derived from the mean 
elongation^ according to the rules 05: rj 5:90: r| ' = rj; 905; n< 180: r| = 180 — n ; 1805; 270: 

H ' = f\ - 180; 270 < n < 360 : n ' = 360 - n. 

77 For a parallax computation see Appendix A, Example 10. 
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of ecliptic [and altitude circle]. 78 Therefore, when the latitudinal parallax is to 
the north, if the angle in question is greater than a right angle, the effect of the 
longitudinal parallax will be in advance [i.e. in reverse order] of the signs, but if 
the angle is less than a right angle, the effect will be towards the rear [i.e. in the 
order of the signs]. However, when the latitudinal parallax is to the south, the 
reverse will be true: if the angle in question is greater than a right angle, the 
longitudinal parallax will be towards the rear [i.e. in the order] of the signs, but H448 
if it is less than a right angle, the longitudinal parallax will be in advance. 79 

Our previous demonstrations concerning the sun proceeded on the assump¬ 
tion that it has no perceptible parallax, though we are well aware that the 
parallax, which, as we subsequently showed, affects the sun also, will make some 
difference in them. 80 However, we do not think that the resulting error in 
[predicting] the phenomena will be of sufficient concern to necessitate changing 
any of the theorems constructed without taking such a small effect into, 
consideration. Similarly, for lunar parallaxes, we considered it sufficient to use 
the arcs and angles formed by the great circle through the poles of the horizon 
[i.e. an altitude circle] at the ecliptic, instead of those at the moon's inclined 
circle. For we saw that the difference which would result at svzygies in which 
eclipses occur is imperceptible, and to set out the latter would hav'e been 
complicated to demonstrate and laborious to calculate; for the distance of the 
moon from the node is not fixed for a given position of the moon on the ecliptic, 
but undergoes multiple changes both in amount and in relative position. 

In order to make clear what we mean, let [Fig. 5.16] ABG be a segment oft he H449 
ecliptic, AD a segment of the moon's inclined circle, point A the node, and D 
the centre of the moon. Draw DB at right angles to the ecliptic. Let E be the pole 
of the horizon, and draw through E the great circle arcs ED2 through the 
moon s centre, and EB through B. Let arc DH represent the moon's parallax, 
and through point H 81 drawH0 at right angles to BD and HK at right angles to 
BZ. Thus AB represents the true distance [of the moon] in longitude from the node, 
and AK the apparent distance, while BD represents the true distance in latitude 
from the ecliptic, and KH the apparent. Furthermore an arc equal to 0H 
represents the longitudinal component of parallax (with respect to the ecliptic) 
derived from DH, and an arc equal to D0 represents the latitudinal component 
of parallax. 

From the preceding theorems, [we know that] parallax DH can be found if H450 
arc ED is given, and both [components of] parallax, D0 and0H, ifZ GZE is 
given. But what we determined previously was the arcs and angles formed at 
given points of the ecliptic by the altitude circle; and the only point on the 
ecliptic which is given in this situation is B. Hence it is clear that we are using arc 
EB instead of arc ED, and Z GBE instead of Z GZE. 

78 cr. ii to P . 105. 

79 See the last part of Appendix A, Example 10. 

80 I.e., nowhere in Bks. Ill to V were corrections made to the solar position to account Tor 
parallax, although in some cases it would theoretically make a difference (e.g. in observations made 
with the astrolabe in which both sun and moon were sighted, V 3). 

81 Reading 5ta xoO H (with Ar, 5ta toft D) forSt’ autoO at H449,16. Suggested by Heiberg and 
adopted by Manitius. 
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E 



Now Hipparchus attempted to correct this kind [of inaccuracy] too, but it is 
apparent that he attacked the problem in a very careless and irrational wav. 82 
For firstly, he does it for [just] a single value of the distance AD, instead of all 
[possible] values, or a number of values, as would have been appropriate in a 
situation where one has chosen to be nicely accurate about small [errors]. 
Furthermore, without realising it, he has fallen into a number of [even] stranger 
errors. Having also [like us] previously demonstrated [the amounts ofj the arcs 
and angles with respect to [intersections of altitude circles with] the ecliptic, and 
shown that, if ED is given, DH can be found (he shows this in Bk. I of his k On 
H451 parallaxes’), in order to get ED as a given quantity, he assumes that arc EZ and 
Z EZG are given (in this way, in Bk. II, he calculates ZD and takes ED as 
remainder [of EZ-ZD]). However he was misled by his failure to notice that the 
given point of the ecliptic is not Z but B, and hence the given arc is not EZ, but 
EB. and the given angle not EZG but EBG. Yet it is these [arc EZ andZ EZG] 
which were the [necessary] starting-points for making even such a partial 
correction. For in many situations there is a quite noticeable difference between 
the arc ED and the arc EZ, 83 whereas the difference between BE (which really is 


82 No one has given a satisfactory explanation of the procedure of Hipparchus which Ptolemy 
alludes to here. Pappus devotes a section of his commentary to it (Rome(l] I 151-5), hut his 
reconstruction of Hipparchus’ method seems entirely fictitious (see HAMA 323-5); there are errors 
in Rome's text and notes ad loc. 

8J At certain situations (cf. Table II 13) the angle between altitude circle and ecliptic (Z EZA in 
Fig. 5.16) can lie close to 180°: then the angle bctwen altitude circle and moon’s orbit (Z EDA) will 
also be close to 180°. and hence DZ will be a large arc, and the error of taking EZ for ED can be 
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given) and ED is, at most, the amount of the arc BD Tor any given distance [of 
the moon] from the node. 

The logical procedure for making the correction by a [mathematically] 
sound method can be displayed as follows. 

[First, see Fig. 5.17], let ABC be the ecliptic, and DBE at right angles to it. 

Let the moon be at either D or E, at a latitudinal distance from the ecliptic ABG 
which is a given arc, e.g. BD or BE. Then the zenith arcs and the angles are H452 
given at point B of the ecliptic, and the [corresponding arcs and angles] at D or 
E are to be found. 


Z 



Now if the position of the ecliptic is such that it is at right angles to the great 
circle drawn through point Z (which we set as the pole of the horizon) and point 
B, i.e. ZB, it is obvious that this great circle will coincide with arc DE, and the 
angles at D and E will not differ from that given at B: for [arcs] drawn through 
these points [from the zenith] are also at right angles to the ecliptic. 

And ZD = ZB - BD 

ZE = ZB + BE, where both BD and BE are given. 

[Second,] let the ecliptic ABG coincide with the great circle through the 
zenith. Then if [see Fig. 5.18] we take A as the pole of the horizon and draw AD H453 
and AE, these [two arcs] will differ from arc AB, and angles BAD and BAE will 
differ from [the corresponding angle] in the previous case, which was zero. 84 


considerable, whereas the error of taking EB for ED cannot exceed arc BD which (since / DBA is 
right) cannot exceed the inclination of the moon’s orbit, 5°. After this I have excised, at H451,12- 
13,8t& x5 roXu paAAov eiceivwv aotag jiJj SeooaOai, 1 because the former [ED] is even farther from 
being given than the latter [EZ}\ as an interpolation which is a (very lame) explanation of the 
preceding (in fact it is a consequence, not a cause). Heiberg’s punctuation of this passage makes it 
unintelligible: remove the stop after EZr (line 9) and insert a comma before aoXXaxtl (line 10). 

84 Literally ‘which did not exist’. The angle in question is / BZD in Fig. 5.17. 
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Fig. 5.18 


And AD and AE are given from the quantities AB and BD, BE (we speak in 
terms of straight lines, since the difference [from arcs] is negligible), 
since AB 2 + BD* = AD 2 
AB 2 + BE 2 = AE. 2 

And the angles BAD and BAE can thence be derived. 

[Third,] let the ecliptic be inclined [to the altitude circle]. If [Fig. 5.19] we 
take Z as pole of the horizon and draw ZB, ZHD and ZE0, arc ZB andZ ABZ 
will be given, and so again, obviously, will be BD and BE. What we need to be 
given are arcs ZD and ZE, and angles AHZ, A0Z. These too are given if 
perpendiculars DK and EL are drawn to ZB. 

H454 For since Z ABZ is given, and Z ABE is always a right angle, the right-angled 
triangles BKD and BLE are given, and so is the ratio of ZB to the sides 
containing the right angle, since [the ratio of ZB] to the hypotenuses DB and BE 
is given. Hence there will be given ZD, the hypotenuse [of right-angled triangle 
ZDK, of which sides ZK and KD are given], and ZE, the hypotenuse [of right- 
angled triangle ZLE, of which sides ZL and LE are given], and also the angles 
DZK and EZL, which are the differences from the required angles. For 
Z AHZ = Z ABZ + Z DZB 
and Z A0Z = Z ABZ - Z EZL. 

It is clear that, lor the same latitudinal distance, the greatest difference [with 
respect to the arcs and angles at B] will occur 

[1] lor the angles, when point B itself is the zenith. For if the angle [formed by 
the altitude circle through the moon] at B is zero, the [arcs] through D and 
E from the zenith form right angles with the ecliptic; 
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G 

Fig. 5.19 


271 


[2] for the arcs 

[a] in the same situation [i.e. when point B is in the zenith]. For when the 
arc [from the zenith] to B is zero, the arcs to D and E will be equal in size 
to the moon’s latitude; also 

[b] when the circle through the zenith is perpendicular to the ecliptic. For 
the difference between arc ZB and ZD or ZE will again be equal to the 
whole amount of the [lunar] latitude. 

But in other situations, in which DE is inclined to ZB, the resultant 
differences between the arcs and angles will be less. Thus, when the moon’s 
distance in latitude from the ecliptic is 5°, the greatest difference in the 
parallaxes [as computed at the ecliptic and at the moon’s orbit] will be about 10 
minutes. For the 5°, representing the greatest difference between the arcs, 
produces that number of minutes [when one enters Table V 18] at the least 
distance and the greatest difference. But when the moon is at the maximum 
latitude which it can attain at a solar eclipse, which is about 11°, the difference 
between the parallaxes will be the same number, [i.e.] lj, of minutes. And this 
happens rarely. 85 

8, To verily these figures, take entries at 5° interval in Table V 18. using cols. 5 and 6 (which are 
chosen because they give the maximum difference). The rate of change is fastest near zero, hence: 
lot at g. 0.0 + 0 = 0; lor arg. 5°, 0;7,30 + 0*,2,5 = 0:9,35 ** 1 O'. For eclipses, which occur at conjunction, 
we have to take the values from cols. 3 and 4. Here, Itetween 0° and 1!°, we find: 0 + 0 = 0,0; 1,25 + 
0,0,18 = 0;1,43 (which is closer to lj' than l]'). The maximum latitude of the moon at a solai eclipse 
is ai)out 1!°, the sum of the apparent radii of the Itodies (each alxwt j°) and the maximum parallax 
at conjunction (about 1°; see VI 6 p. 293). There is no reason to suspect an interpolation here, with 
Manitius (p. 447): he has misunderstood the passage, notabiv mistranslating xfi loa e^rjKoard. 
H455,15-16. 
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A convenient method for making the above kind of correction of the angles 
and arcs, if anyone wants to make it when the [differences] involved are so small, 
would be as follows. 

As a general rule, we double the amount of the angle [between altitude circle 
and ecliptic], and entering with this as argument into the Table of Chords take 
the chord corresponding to it, and also the chord corresponding to its 
supplement. We multiply both of the latter separately by the [moon’s] latitude, 
in degrees, divide each of the products by 120, and record the results 
[separately]. As for the result derived from the first angle, we subtract it from 
the relevant arc from the zenith [to the ecliptic] when the moon is on the same 
side [of the ecliptic] as the zenith, but add it when it is on the opposite side [of the 
Ccupiic iu tuC zenith]. W e square the result, add that to the result derived from 
the supplementary angle, also squared, and take the square root of the sum: this 
will give us the corresponding arc [ZE or ZD in Fig. 5.19] which is required. 

Next we take the result which we recorded from the [second,] supplementary 
angle, multiply it by 120, and divide the result by the arc we found [ZE or ZD]. 
With the resulting [chord] we enter into the [body of the] Table of Chords 
[I 11], take the corresponding arc [in the column of argument], and halve it. If 
the corrected arc [ZE or ZD ] is greater than the original [ZB] we add the result 
to the amount of the original angle, but if [the corrected arc is] less [than the 
original], we subtract it: the result will be the corrected angle. 

To give an example, in the previous figure [5.20] let arc ZB be 45°, 
L ABZ 30°, and both arc DB and arc BE 5° in latitude. 



Fig. 5.20 
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Now Crd (2 x 30)° = Crd 60° = 6C P , 
and Crd (180 - 60)° = Crd 120° ** 104 p , 

RL:LE = BK:DK 86 = 60:104, where the hypotenuse [BE or BD] = 120 p . 
So we multiply each number by the 5° of the hypotenuse and divide by 120. 
KB =: BL = 2; 30° 
and DK = EL = 4;20°. 

First let us suppose the moon to be at E: 

so we subtract the 2;30° from the 45° of arc ZB, since the moon’s distance in 
latitude is in the same direction as the zenith (i.e. they are either both south or 
both north of the ecliptic). 

Thus arc ZL = 42;30°. 

Secondly, suppose the moon to be at point D. Then we add [2;30°] to the 45°, 
since the relative positions are reversed, and 
ZK = 47;30°. 

We form either ZL 2 + EL 2 = 42;30 2 + 4;20 2 
or ZK 2 + DK 2 = 47;30 2 + 4;20 2 , 
and get either ZE 5=55 42:46° 
orZD«47;44°. 

We multiply 4;20 by 120 and divide by 42;46 and 47;44 separately. 

Then EL* 55 12;8 P where hypotenuse ZE = 120 p 
and DK^ 10| p where hypotenuse ZD = 120 p . 

The arc corresponding to the chord 12;8 P is about 11 5 0 
and the arc corresponding to the chord 10i p is about 10j°. 

Taking half of these, we subtract/ EZL, [namely] 5?°, from / ABZ, i.e. 30°, 
since arc ZE is less than arc ZB. 

Thus Z A0Z = 24|°; 

and we add Z DZK, [namely] 5§°, to the same [Z ABZ, i.e.] 30°, 
since arc ZD is greater than arc ZB. 

Thus Z AHZ = 35s°. 

Such is the procedure which was required. 87 


86 Change the full stop after p6 at H457.7 to a comma. 

87 Although one might expect that, as Ncugebauer states (HAAfA 116, which gives an incorrect 
account of Ptolemy’s procedure) that this method, which treats the large spherical triangles ZBD 
and ZBE as plane triangles, would lead to great inaccuracy, this is not so (as I have verified by 
taking the worst possible cases): the reason is that the bases of these triangles are small (BD and BE 
cannot exceed 5°, the maximum lunar latitude). 
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Book VI 


1. [On conjunctions and oppositions of sun and moon ] 1 

The next subject we have to treat concerns the syzygies of sun and moon at 
which eclipses occur. The first topic of this, in turn, is the determination of the 
true conjunctions and oppositions. Now we do indeed think that the periodic 
and anomalistic motions which we have [already] established for each of the 
luminaries are sufficient lor the first determination of the above; for these 
[motions] enable one, if he does not shrink from [the labour of] comparing the 
individual positions of the luminaries at every appropriate occasion, 2 to 
compute the places and times of the resulting syzygies, both those taken with 
respect to the mean motions and the true syzygies, [i.e.] taking the 
anomaly into account. Nevertheless, in order to provide a more convenient way 
of finding these [syzygies] too, by having set out in a readily available form the 
times and places of the mean conjunctions and oppositions, together with the 
position of the moon in anomaly and latitude at [these] mean times (which are 
the basis for the correction leading to the true syzygies and thence to the ecliptic 
syzygies), we constructed tables for this purpose. Their structure is as follows. 


2. [ Construction of the tables of mean } 

First, we want to begin the epoch of the [synodic] months, like all other epochs, 
from the first year of Nabonassar. So we divided the mean position [of the 
moon] in elongation at noon, Thoth l 3 in the Egyptian calendar in that year, 
which we showed above [IV 8 p. 205] to be 70;37° by the mean daily motion in 
elongation, and found 5:47,33 d . Therefore the previous mean conjunction 
preceded noon on Thoth 1 by that amount. So the next [mean conjunction] 
occurred about [29;31,50 - 5;47;33 =] 23;44,17 d after that noon, i.e. 0;44,17 d 
after noon on the 24th. 

In 23:44,17" 


l On chs. 1 and 2 sec HAMA 118-21, Pedersen 220-2. 

"I.e. at every syzygv (whereas Ptolemy's tables VI3 enable one to pick out the syzygies at which 
eclipses are possible with much less labour). 

3 Here (H462,5) and elsewhere in this chapter (H462.9 and 16; H463.3) most Greek mss. and 
Pappus’ commentary give veopTivia (literally ‘new moon’) to express this date. As Manitius notes 
(338 n. d), the word is appropriate for the first day of the month in Greek luni-solar calendars, but 
not in the Egyptian calendar, **here the months bear no relationship to the phases of the moon. In 
all but the last of these places D has a (T), which may well have been Ptolemy’s designation. 


H461 


H462 
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VI 2 . Construction of tables for mean syzygies 

mean motion of the sun = 23;23,50° 
mean motion of the moon in anomaly = 310;8,15° 
mean motion of the moon in latitude = 314;2,21°. 

And the mean positions at noon on Thoth 1 were: 
longitude of sum 0:45° 

distance of sun from its apogee (this is convenient to have): 265; 15° 
anomaly of moon, counted from the apogee of the epicycle: 268;49° 

H463 [argument of] latitude of moon, counted from the northern limit on [the 
moon’s] inclined circle: 354; 15°. 

Therefore, at the above-mentioned moment of the [first] mean conjunction 
after the first day [of Thoth], 

the distance of the sun and moon in mean longitude from the sun’s apogee, 
namely II 5;30 c , was 288;38,50 c 

the distance of the moon in anomaly from the apogee [of the epicycle] was 
218:57,15° 

the distance of the moon in latitude from the northern limit was 308; 17,21 °. 
So we will set out, first, a table of conjunctions, containing, again, 45 lines, 
and 5 columns. On the first line we will put, in the first column, year 1 of 
Nabonassar; in the second column, the days of Thoth. 24:44,17 (for the sixtieths 
[of a day] are after noon on the 24th); 4 in the third column the distance 
from the sun’s apogee of the mean position [of sun and moon], 288:38,50°; in 
the fourth column the moon’s distance in anomaly from the apogee [of the 
epicycle], 218:57,15°; and in the fifth column the [moon’s] distance in 
[argument ofj latitude from the northern limit, 308:17,21°. 

Now half a mean [synodic] month comprises approximately 14;45,55 d , 
14;33,12° of solar [mean] motion, 192;54,30°oflunaranomaly, and 195;20,6°of 
[argument ol] latitude; we subtract the above amounts from the [corresponding 
H464 positions] for the conjunction in question, and put the results, arranged in the 
same way as bef ore, at the beginning of the second table, which has a structure 
similar [to the first], but will serve for the oppositions. 

The entries are: 

days: 9:58,22^ 

distance from the sun’s apogee: 274;5,38° 

distance in anomaly from the moon’s apogee: 26;2,45° 

distance in latitude from the northern limit: 112;57,15°. 

Now 25 Egyptian years less 0;2,47,5 U contain approximately an integer 
number of [mean synodic] months; 3 and [in 25 years] the mean motions 
(beyond complete revolutions) are: 

sun: 353;52,34,13° 

moon, anomaly: 57;21,44,1° 

moon, latitude: 117; 12,49,54°. 

4 Although the conjunction is only 23;44,17 1 alter epoch, Ptolemy tabulates 24;44,17, i.e. he is 
here using inclusive reckoning for dates. The convenience of this to the user became so obvious that 
in his Handy Tables he adopted it generally. 

3 The relationship 25 Egyptian years 309 synodic months was probably known in Egypt long 
before Ptolemy. For an example of its use in Egypt, and the reasons for dating its origin to the fourth 
century B.C., see HAMA II 563-64. 309 x 29;31,50,8,20 d = 2,32,4;57,12,55, which is exactly (not 
approximately, as Ptolemy implies) 0;2,47,5 d short of 25 x 365 = 2,32,5 d . 
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So we win increase [each iine in succession of] the first columns of the two 
tables by 25 years, and decrease [those of] the second columns by 0;2,47,5, and 
increase [those of] the remaining columns, the third by 353;52,34,13°, the 
fourth by 57;21,44,1°, and the fifth by 117; 12,49,54°. 

Following this we construct a table oi' years, in 24 lines, and then beneath it 
another table, of months, in 12 lines, each having the same number of columns 
as the first [two tables]. In the table for months we will enter on the first line, in 
the first column, the first month; in the second column, the days in one [synodic] 
month, 29;31,50,8,20; in the third column, the [mean] motion of the sun during H465 

that period, 29;6,23,1°; in the fourth column, the motion of the moon in 
anomaly [in one synodic month], 25;49,0,8°; and in the fifth, the motion in 
[argument of] latitude. 30:40.14.9°. The [line to line] increments in this table 
will be the same as the entries in the first line. 

In the table for years we will enter on the first line, in the first column, year 1; 
in the second column, the number of days [beyond 365] contained in 13 synodic 
months. 18:53.51.48; 6 in the third column, the increment in sun’s motion 
during that period, 18:22,59,18°; in the fourth column, the moon’s motion in 
anomaly, 335;37,1,51°; and in the fifth column, the motion in latitude, 
38;43,3,51°. The [line to line] increments in this table will sometimes be the 
above 13-month increments, and at other times the 12-month increments. The 
latter come to: 

days: . 354;22.1,40 d 

sun’s [mean] motion: 349:16.36.16° 

moon’s anomalistic motion: 309:48,1,42° 

moons latitudinal motion: 8;2,49,42°. 

This [alternation between 12- and 13-month intervals] is in order that what 
appears in the table will be the first syzygy in each integer Egyptian year. 7 8 9 

In the actual tabular entries it will be sufficient to go only as far as the second 
sexagesimal [fractional] place. The layout of the tables is as follows. 

3. [Tables of conjunctions and oppositions)* H466-71 

[See pp. 278-80.] 

4. [How to determine the mean and true H472 


So when we want to find the mean syzygies for any given year, we calculate the 
number of the year in question in the era Nabonassar. 10 Then we determine 
what combination of 25-year periods (taken from the first or second table, as the 

6 Reading lor vj (18;53,52,48) at H465,I0, with D,Ar. Corrected by Manitius. 

7 For an explanation of how this principle works for the choice of 12- or 13-month increment see 
HAMA 120. 

8 As Ptolemy says, these tables are computed to 3 sexagesimal fractional places, but rounded to 2 
in the actual tabulation. 

The eclipse limits on p. 280 are those derived later, VI 5 pp. 286-7. 

9 See HAMA 121-4, Pedersen 223-6. 

,0 I.e. we enter with the current year. Cf. p. 276 n.4. 
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VI3 . Table of conjunctions of sun and moon 

TABLE OF CONJUNCTIONS 


I 

2 

3 

4 

5 



Distance of 

Anomaly of 

Latitude 



Sun from 

Moon from 

from Northern 



its Apogee 

Epicyclic 

Limit 

25-year 

Days of 


Apogee 


periods 

Thoth 

O r 'f 

o > w 

O f " 

1 

24 44 17 

288 38 50 

218 57 15 

308 17 21 

26 

24 41 30 

282 31 24 

276 18 59 

65 30 11 

51 

24 38 43 

276 23 58 

333 40 43 

182 43 1 

76 

24 35 56 

270 16 33 

31 2 27 

299 55 51 

101 

24 33 9 

264 9 7 

88 24 11 

57 8 41 

126 

24 30 22 

258 1 41 

145 45 55 

174 21 31 

151 

24 27 35 

251 54 15 

203 7 39 

291 34 20 

176 

24 24 47 

245 46 50 

260 29 23 

48 47 10 

201 

24 22 0 

239 39 24 

317 51 7 

166 0 0 

226 

24 19 13 

233 31 58 

15 12 51 

283 12 50 

251 

24 16 26 

227 24 32 

72 34 35 

40 25 40 

276 

24 13 39 

221 17 6 1 

129 56 19 

157 38 30 

501 

24 10 52 

215 9 41 

187 18 3 

274 .51 20 

326 

24 8 5 

209 2 15 ! 

244 39 47 

32 4 10 

351 

24 5 18 

202 54 49 

302 1 31 

149 17 0 

376 

24 2 31 

196 47 23 

359 23 15 

266 29 50 

401 

23 59 44 

190 39 57 

56 44 59 

23 42 39 

426 

23 56 57 

184 32 32 

114 6 43 

140 55 29 

451 

23 54 10 

178 25 6 i 

171 28 27 

258 8 19 

476 

23 51 22 

172 17 40 

228 50 11 

15 21 9 

301 

23 48 35 

1(56 10 14 

286 11 55 

132 33 59 

526 

23 45 48 

160 2 49 

343 33 39 

249 46 49 

551 

23 43 1 

153 55 23 

40 55 23 

6 59 39 

576 

23 40 14 

147 47 57 

98 17 7 

124 12 29 

601 

23 .37 27 

141 40 31 

155 38 51 

241 25 19 

626 

23 34 40 

135 33 5 

213 0 35 

358 38 9 

651 

23 31 53 

129 25 40 

270 22 19 

115 50 58 

676 

23 29 6 

123 18 14 

327 44 3 

233 3 48 

701 

23 26 19 

117 10 48 

25 5 47 

350 16 38 

726 

23 23 32 

111 3 22 

82 27 31 

107 29 28 

751 

23 20 45 

104 55 57 

139 49 16 

224 42 18 

776 

23 17 57 

98 48 31 

197 11 0 

341 55 8 

801 

23 15 10 

92 41 5 

254 32 44 

99 7 58 

826 

23 12 23 

86 33 39 

311 54 28 

216 20 48 

851 

23 9 36 

80 26 13 

9 16 12 

333 33 38 

876 

23 6 49 

74 18 48 

66 37 56 

90 46 28 

901 

23 4 2 

68 11 22 

123 59 40 

207 59 17 

926 

23 1 15 

62 3 56 

181 21 24 

325 12 7 

951 

22 58 28 

55 56 30 

238 43 8 

82 24 57 

976 

22 55 41 

49 49 4 

296 4 52 

199 37 47 

1601 

22 52 54 

43 41 39 

353 26 36 

316 50 37 

1026 

22 50 7 

37 34 13 ' 

50 48 20 

74 3 27 

1051 

22 47 20 

31 26 47 

108 10 4 

191 16 17 

1076 

22 44 32 

25 19 21 

165 31 48 

308 29 7 

1101 

22 41 45 

19 11 56 

222 53 32 

64 41 57 
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9 8 15 
9 5 27 
9 2 40 

8 59 53 
8 57 6 
8 54 19 

8 51 32 
8 48 45 
8 45 58 



104 35 45 
221 48 35 
339 1 25 


9 41 40 1 

9 38 52 

9 36 5 

237 21 3 

231 13 38 

225 6 12 

10 13 9 | 

67 34 53 

124 56 37 

96 14 14 
213 27 4 
330 39 54 

9 33 18 

9 30 31 

9 27 44 

218 58 46 

212 51 20 

206 43 54 

182 18 21 

239 40 5 

297 1 49 

87 52 44 
205 5 34 
322 18 24 


301 

326 

351 

9 24 57 

9 22 10 

9 19 23 

200 36 29 

194 29 3 

188 21 37 

354 23 33 

51 45 17 

109 7 1 

79 31 14 

196 44 4 

313 56 54 

376 

9 16 36 

182 14 11 

166 28 45 

71 9 44 

401 

9 13 49 

176 6 45 

223 50 29 

188 22 33 

426 

9 112 

169 59 20 

281 12 13 

305 35 23 



163 51 54 
157 44 28 
151 37 2 

145 29 37 
139 22 11 
133 14 45 

127 719 
120 59 53 
114 52 28 


338 33 57 
35 55 41 
93 17 25 

150 39 9 
208 0 53 
265 22 37 

322 44 21 
20 6 5 
77 27 49 


62 48 13 
180 1 3 

297 13 53 

54 26 43 
171 39 33 
288 52 23 

46 5 13 
163 18 3 
280 30 52 


676 

701 

726 

8 43 11 

8 40 24 

8 37 37 

108 45 2 

102 37 36 

96 30 10 

134 49 33 

192 II 17 

249 33 1 

37 43 42 

154 56 32 

272 9 22 

751 

776 

801 

8 34 50 

8 32 2 

8 29 15 

90 22 45 

84 15 19 

78 7 53 

306 54 45 

4 16 29 

61 38 14 

29 22 12 

146 35 2 

263 47 52 

826 

8 26 28 

72 0 27 

118 59 58 

21 0 42 ' 

851 

8 23 41 

65 53 1 

176 21 42 

138 13 32 

876 

8 20 54 

59 45 36 

233 43 26 

255 26 22 

901 

8 18 7 

53 38 10 

291 5 10 

12 39 11 

926 

8 15 20 

47 30 44 

348 26 54 

129 52 1 

951 

8 12 33 

41 23 18 

45 48 38 

247 4 51 


8 

9 

46 

35 

15 

52 

103 

10 

22 

4 

17 

41 

8 

6 

59 

29 

8 

27 

160 

32 

6 

121 

30 

31 

8 

4 

12 

23 

l 

1 

217 

53 

50 

238 

43 

m 

8 

1 

25 

16 

53" 

35 

275 

15 

34 

355 

56 

11 

7 

58 

37 

10 

46 

9 

332 

37 

18 

113 

9 

1 

7 

55 

50 

4 

38 

44 

29 

59 

2 

230 

21 

51 


■ 

■ 
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YEARLY [AND MONTHLY] INCREMENTS lor CONJUNCTION and OPPOSITION 



2 

3 

4 

5 



Sun from 

[Moon’s] 




Apogee 

Anomaly 

Latitude 


Days 

o / // 

[ C t 99 

o * " 

1 

18 53 52 

18 22 59 

335 37 2 

38 43 4 

2 

8 15 53 

7 39 36 

285 25 4 

46 45 54 

3 

27 9 45 

26 2 35 

261 2 5 

85 28 57 



15 19 11 

210 50 7 

93 31 47 



4 35 47 

160 38 9 

101 34 37 



22 58 47 

136 15 11 

140 17 41 

7 

14 9 42 

12 15 23 

86 3 12 

148 20 30 

8 

3 31 44 

1 31 59 

35 51 14 

156 23 20 

9 

22 25 36 

19 54 59 

11 28 16 

195 6 24 

10 

11 47 37 

9 11 35 

321 16 18 

203 9 14 

n 

1 9 39 

358 28 11 

271 4 19 

211 12 3 

12 

20 3 31 

16 51 10 

246 41 21 

249 55 7 

13 

9 25 32 

6 7 47 

196 29 23 

25/ 57 57 

14 

28 19 24 

24 30 46 

172 6 25 

296 41 1 

15 

17 41 26 

13 47 22 

121 54 26 

304 43 50 

16 

7 3 28 

3 3 59 

71 42 28 

312 46 40 

17 

25 57 19 

21 26 58 

47 19 30 

351 29 44 

18 

15 19 21 

10 43 34 

357 7 32 

359 32 34 

19 

4 41 23 

0 0 10 

306 55 33 

7 35 23 

20 

23 35 14 

18 23 10 

282 32 35 

46 18 27 

21 

12 57 16 

7 39 46 

232 20 37 

; 54 21 17 

22 

2 19 18 

356 56 22 1 

182 8 39 

j 62 24 7 

23 

21 13 10 

15 19 22 j 

157 45 41 

101 7 10 

24 

10 35 11 

4 35 58 

107 33 42 

109 10 0 

[ECLIPSE] LIMITS OF SUN IN ME AN [LATITUDINAL] MOTION: 


from 69:19° to 101:22° and Irom 258:38° to 290:41° 


[ECLIPSE] LIMITS OF MOON IN MEAN [LATITUDINAL] MOTION: 1 


Irom 74:48° to 105:12° and Irom 254:48° to 285:12° 




Sun from 

[Moon's] 


Months 

Days 

Apogee 

Anomaly 

Latitude 

1 

29 31 50 

29 6 23 

25 49 0 

30 40 14 

2 

59 3 40 

58 12 46 

51 38 0 

61 20 28 

3 

88 35 30 

87 19 9 

77 27 0 

92 0 42 

4 

118 7 21 

116 25 32 

103 16 1 

122 40 57 

5 

147 39 11 

145 31 55 

129 5 1 

153 21 11 

6 

177 11 1 

174 38 18 

154 54 1 

184 1 25 

7 

206 42 51 

203 44 41 

180 43 1 

214 41 39 

8 

236 14 41 

232 51 4 

206 32 1 

245 21 53 

9 

265 46 31 

261 57 27 

232 21 1 

276 2 7 

10 

295 18 21 

291 3 50 

258 10 1 

306 42 21 

11 

324 50 12 • 

320 10 13 

283 59 2 

337 22 36 

12 

354 22 2 

349 16 36 

309 48 2 

8 2 50 : 

















281 


VI 4. Computation of mean syzygy 

case may be [i.e. for conjunction or opposition]) and single years (taken from the 
third table) adds up to that number of years, take the entries corresponding to 
those lines [in the table], and add the entries from [each] successive column 
separately: for conjunctions we add the entries from the first and third tables, 
and likewise for oppositions we add the entries from the second and third tables. 

The sum derived from the entries in the second column will give us the moment 
of syzygy, counted from the beginning of that year; e.g., if the sum is24;44 d , [the 
syzygy will be] 44 sixtieths of a day after noon on Thoth 24; or, again, if it is 
34;44 d , it will be 44 sixtieths of a day after noon on Phaophi 4. The sum derived 
from the entries in the third column will give us the [mean] position of the sun 
in degrees counted from the apogee; the fourth column, the anomaly of the 
moon counted from the apogee [of the epicycle]; the fifth column, the 
[argument ofij latitude counted from the northern limit. At the same time we H473 
can readily calculate the subsequent [syzygies of the year in question], either all, 
or some, as we choose, in logical fashion, by adding the appropriate entries in 
the fourth, monthly table. For practical purposes we will always convert the 
time measurements from sixtieths of a day into equinoctial hours. However, the 
time in hours resulting from the addition [of the entries] will be expressed in 
mean solar days, whereas the time expressed in seasonal hours is not always 
identical with that, but is based on true solar days. So we will correct this too, by 
calculating the difference due to this effect, by the method indicated above: if 
the amount of time-degrees corresponding to [the rising-time of] the apparent 
motion is greater [than the interval in mean motion], we subtract the difference 
from the total [of hours] derived on the basis of mean solar days, but if it is less, 
we add it to that total. 11 

Once we have derived, by the above procedure, the time of mean 
conjunction or opposition, and the position of each luminary in anomaly at that 
time, it will be easy to determine the time and place of the true syzygy, and also 
the moon’s position in latitude, by comparing the anomalies of the two bodies. 

For by applying each anomaly in turn, we calculate the true position of sun, moon 
and moon’s latitude, at the moment defined by the mean syzygy in question, by 
means of the equation thus found, and examine these positions. If we find that 
the bodies are still at the same longitude [for conjunction], or exactly opposite 
[for opposition], then the time of true syzygy will be the same [as that of mean H474 

syzygy ]. If not, we take the difference between the bodies in longitude, 
expressed in degrees, and increase it by a twelfth part of itself, 12 to account 
approximately for the additional motion of the sun [between mean and true 
syzygy]. We then determine how long, in equinoctial horn's, the moon in its 
anomalistic [i.e. true] motion, takes to cover that interval. If the true longitude 


11 Ptolemy here echoes III 9 p. 171. There he expressed the rule in the form necessary for going 
from true to mean time. Here the case (and the rule) are reversed. 

12 This rule is justified by a particular example at VI5 (p. 286); where Ptolemy, assuming the moon 
to move 13 times as fast as the sun, calculates that the extra distance required is t) + t) x n * A 
of the original. Hence Pedersen (224) assumes that Ptolemy found fr by summing the convergent 
series A + (fr) 2 + . . . Although the passage VI 5 supports him, one can also derive it 
without summing a series, as follows: if the moon starting from point A and the sun starting from 
point B meet at point G, and the moon’s speed is 13 times the sun’s, then AC = 13BC, hence AB (the 
original distance between them) is 12 times BC (the extra distance travelled). 
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of the moon [at mean syzygy] is less than the true longitude of the sun, we add 
the result to the time of mean syzygy, but if it [the moon’s longitude] is greater, 
we subtract the result from the time of mean syzygy. Similarly, if the true 
longitude of the moon at mean syzygy is less than the sun’s [true longitude], we 
add the interval in degrees (increased, again, by a twelfth) to both the longitude 
and the argument of latitude [at mean syzygy], but if it is gr eater we subtract it 
[from both]. Thus we get the time of true syzygy, and the approximate true 
position of the moon on its inclined circle. 1 * 

The method of finding the moon’s true hourly motion at the syzygy for any 
given position is as follows. We enter the table of the moon’s anomaly [IV 10] 
with the anomaly at the moment in question, take the corresponding equation, 
and then determine the size of the increment in the equation [at that point] 
H475 corresponding to an increment of 1 degree in anomaly. We multiply this incre¬ 
ment by the mean motion in anomaly in 1 hour, 0;32,40°, u and, if the anomaly 
[with which we entered the table] as argument is in the lines above the greatest 
equation, we subtract the product from the mean hourly motion in longitude, 
0;32,56°, but if [the anomaly] is in the lines below [the greatest equation], we 
add the product to 0;32,56°. The result will be the moon’s true motion in 
longitude in one equinoctial hour at that position. 15 

Now the above procedure will give us the time of true syzygy at Alexandria, 
since all epochs have been dellned in terms of time as expressed in hours [i.e. 
counted from noon] with respect to the meridian through Alexandria. But it is 
easy to find the time of a given syzygy lor any place whatever from the time of 
that syzygy at Alexandria. 16 From the difference in position between the two 
places, we determine the interval, in degrees, between the meridian through the 
place required and the meridian through Alexandria. If the meridian through 
the required place is to the east of the meridian through Alexandria, the 
phenomenon will appear to be observed there that amount (in time-degrees) 
later, but if it is to the west, that amount earlier. (Obviously, as always, 15 time- 
degrees represent l equinoctial hour.) 


H476 5. {On the ecliptic limits of sun and moon} 17 

Now that we have explained the above methods, it would be appropriate to 
follow up with the considerations pertinent to the ecliptic limits for both solar 
and lunar eclipses. The purpose of this is that if we decide to compute, not all 

13 For a year’s series of computed mean and true oppositions see HAAtA 121, 123-4. See also 
Appendix A, Examples 11 and 12. 

14 Reading o p lor o Xj3 po (0;32,40,0) at H475,2, and similarly o ^ loro Xft vq o (0;32.56,0) 
at H475,S-6. Supported by D,Ar. 

15 For a justification of this rule see Pedersen 226. He objects that it is approximately valid only if 
the lunar deferent has no eccentricity, i.e. if one uses the simple hypothesis of Bk. IV. But Ptolemy 
advocates its use only ‘at the syzygy’, and he has already shown that there is no significant difference 
between the two hypotheses at syzygy (V 10). 

18 Omitting the clause (H475,15-17) 5o06vtck; too kot’ aoTf|v 7tXq0oo<; tcov taripepivaSv topiov 
ttj<; duo too pecrrjpPpivoo dJtoxrjq ('once we are given the distance of it [the syzygy J from the 
meridian, expressed in equinoctial hours’), a clumsy and confusing interpolation found in all mss. 

17 See HAMA 125-9, Pedersen 227-30. 
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mean syzygies [in a given year], but just those which could fall into the category 
concerning eclipse prognostications, 18 we may have a handy method of 
deciding which these are from the entry for the moon’s mean position in latitude 
at each mean syzygy. 

Now in the preceding book [V 14, p. 254] we have shown that the moon’s 
diameter subtends an arc which is 0;31,20° of the great circle drawn about the 
centre of the ecliptic at the moon’s greatest distance. We calculated this by 
means of two eclipses which occurred near the apogee of the moon’s epicycle. So 
now too, when we propose to determine the maximum limits of ecliptic syzygies 
(which limits are determined by the position of the moon at the perigee of the 
epicycle), we shall, in this situation too, demonstrate in the same way the size of 
the arc subtended by the moon’s diameter, by means of two eclipses [this time] 
from among those which have been observ ed near the perigee [of the epicycle]. 
For it is safer to demonstrate this kind of parameter from the actual phenomena. 

In the seventh year of Philometor, which is the 574th from Nabonassar, on 
Phamenoth [VII] 27/28 in the Egyptian calendar [-173 May 0/1], from the 
beginning of the eighth hour till the end of the tenth in Alexandria, there was an 
eclipse of the moon which reached a maximum obscuration of 7 digits from the 
north. So mid-eclipse occurred 2J seasonal hours after midnight, which 
corresponds to 2} equinoctial hours, since the true position of the sun was 
y 6i°. 19 And the time from epoch to mid-eclipse is 

^ , f 144 equinoctial hours reckoned simplv 

5/3 Egyptian years 206 davsv ' . ... . .. . 

r ' f 14 equinoctial hours reckoned in mean solar 

days. 

At this moment the position of the centre of the moon was as follows: 
mean longitude: TTi 7;49° 

true longitude: Tty 6;16 o2 ° 

distance [in anomalvj from the apogee of the epicycle: 163;40° 
distance from the northern limit on the inclined circle: 98;20°. 

Hence it is clear that when the moon’s centre is 8;20° from the node 
(measured along the inclined circle), while the moon is near its least distance [at 
syzygy], and the centre of the shadow is on the great circle drawn through the 
moon’s centre at right angles to the inclined circle (which is the position of 


18 The word used here, ^Ttiarjpaoiai, means ‘prognostication [concerning weather]’ or 
‘significance in prognostication’ at HI1 204,/ and HI 536,21; 537,8; 540,7. This is a traditional 
meaning (e.g. Ptolemy, Phaseis, Op. Min. 11,4: 20,5), also applying to the verbfcjruntyiaivEiv (ibid. 
31,10; cl’. Apote/esmatica II 14, ed. Bol(-Boer 100,17). I therefore assume that meaning wherever it 
occurs in the Almagest, except in the phrase £7U<niH ac h a S koXek;, HI 188,3, where it means 
merely ‘deserving note’. There is a good discussion of feTuaqpaiVEiv and related terms in Pfeiffer, 
Studien zum antiken Sternglauben 84-93. 

19 Reading 5*6' fori; 5 (6;4°) at H477,10. The reading is assured by computation (Xo = 8 
16; 13,25°) and by the position of the true moon just below. 6 i is the reading of AD, Arand probably 
all mss. (i.e. the error is Heiberg’s). Corrected by Manitius. 

20 This implies an equation of -1 ;33°, which agrees fairly well with that derived from an anomaly 
of 163;40° (below : accurate would be -1;32°), if one uses the simple lunar hypothesis. However, if 
one computes with the full accuracy of the tables V 9, one finds X j = 216;23° (for at true syzygy 2ty^ 
** 5i°, which produces a change in a of+50', and hence a decrease in the equation of 4' (precisely the 
maximum amount by which, according to Ptolemy in V 10 p. 243, the full hypothesis can differ 
from the simple at syzygy). Thi* also affects the moon’s position on its orbit, which should be 8;22° 
(rather than 8;20°) from the node. 


H477 
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greatest obscuration), (i + n)th of the moon’s diameter is immersed in the 
shadow . 21 

Again, in the thirty-seventh year of the Third Kallippic Cycle, which is the 
H478 507th from Nabonassar, Tybi [V] 2/3 in the Egyptian calendar [-140 Jan. 

27/28], at the beginning of the fifth hour [of night] in Rhodes, the moon began 
to be eclipsed; the maximum obscuration was 3 digits from the south. 

Here, then, the beginning of the eclipse was 2 seasonal hours before midnight, 
which corresponds to 2i equinoctial hours in Rhodes and in Alexandria, since 
the true position of the sun was^sr 5;8°. And mid-eclipse, at which the greatest 
obscuration occurred, was about U equinoctial hours before midnight. The 
time from epoch to mid-eclipse is 

606 Egyptian years 121 days 10g equinoctial hours, whether reckoned simply or 
in mean solar days. 

At this moment the position of the centre of the moon was as follows: 
mean longitude: 5; 16° 

true longitude: <fl 5;8 ° 22 

distance [in anomaly] from the apogee of the epicycle: 178;46° 
distance from the northern limit on the inclined circle: 280;36°. 

Hence it is clear that when the moon’s centre is 10:36° (measured along the 
inclined circle) from the node, while the moon is (as before) near the least 
distance, and the centre of the shadow is at the intersection of the ecliptic and 
the great circle drawn through the moon’s centre at right angles to the [moon's] 
inclined circle, then a quarter of the moon’s diameter will be immersed in the 
shadow . 2 * 5 

H479 But 24 when the moon’s centre is 83 ° from the node on its inclined circle, it is 
43 ?b', measured along the great circle drawn through the poles of the inclined 
circle, from the ecliptic; and when it is IO 5 0 from the node on its inclined circle, 
it is 54^', measured along the great circle drawn through the poles of the 
inclined circle, from the ecliptic. Now the difference [in magnitude] between 
the two eclipses comprises 3 rd of the moon’s diameter, and the difference in the 
above two distances of its centre, measured along the same great circle, from the 
same point of the ecliptic (i.e. the centre of the shadow) is 0; 1 1,47°. So it is clear 
that the whole diameter of the moon subtends an arc of about 0;35,20° of the 
great circle drawn on the centre of the ecliptic at the moon’s least distance [at 
syzvgy]. 

Furthermore, in the second eclipse, in which i of the moon’s diameter was 


21 Oppoizer no 1587: mid-eclipse 23;44 h {** l;45 a.m. Alexandria, which is very close 10 the time 
of true conjunction one finds from Ptolemy tables), magnitude 7.4 digits. 

22 Again (cf. p. 283 n.20) the equation implied, -0;8°, agrees well enough with that derived from 
the anomaly of 178;46° according to the simple hypothesis, but application of the full hypothesis 
produces a significant difference in the true longitude of the moon (H 5 ; 13°) and its position on the 
orbit (10;42° from the node instead of 10;36°). 

23 That this eclipse was observed by Hipparchus, as one would expect from the date and place, is 
confirmed at VI 9 (p. 309). It is Oppoizer no. 1638: time 20; l h (** 10 p.m. Alexandria), magnitude 
3.2^, half-duration 58 mins. Ptolemy assumes 30 mins., which is only about half of what he would 
derive from his own eclipse tables, VI 8 . The difficulties associated with the observation and 
reduction of this eclipse have been much discussed: see Fotheringham [ 3 ] 579 , with references to 
older literature, and Britton [1 ] 94. 

24 For the following calculations see HAMA 105-8. and cf. p. 254 n.61. 
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obscured, the moon’s centre was 54fc' from the centre of the shadow and i of the 
moon’s diameter (i.e. 8^') from the point at which the line joining the centres [of 
moon and shadow] intersects the perimeter of the shadow. Hence it is 
immediately obvious that, by subtraction, the radius of the shadow at the 
moon’s least distance is 46'. This is negligibly greater than 2? times the moon’s 
radius, which is 17?'. Moreover, the sun’s radius subtends 0; 15,40° of the great 
circle drawn through the sun about the centre of the ecliptic. For, as we 
demonstrated [V 14], the sun covers the same amount of its circle [i.e. subtends 
the same angle] as the moon does when it is at its greatest distance at syzygy. 
Therefore, when the apparent centre of the moon is [0; 17,40 + 0; 15,40 = ] 
0;33,20° from the centre of the sun, [measured orthogonally to the moon’s orbit] 
on cither side of the ecliptic, that is the limiting position in which the moon can 
just be in apparent contact with the sun. 

For example [see Fig. 6.1 j let us imagine AB as an arc of the ecliptic and GD 
as an arc of the moon’s inclined circle. These are sensibly parallel to each other, 
at least as far as concerns the positions [of the bodies] at the time of eclipses. We 


H480 


G D 



R B 

Fig. 6.1 


draw the arc of the great circle through the poles of the [moon’s] inclined circle, 

AEG, and imagine the semi-circle of the sun on centre A, and the semi-circle of 
the apparent moon on centre E, in such a position that it is just touching the sun 
at point Z. Then arc AE, which is the distance of E, the apparent centre of the H481 
moon, from A. the centre of the sun, can at times be as much as 0,33,20°, as 
established above. But in the regions stretching from Meroe, where the longest 
day is 13 equinoctial hours, up to the mouths of the Borvsthenes, where the 
longest day is 16 equinoctial hours, the maximum northward effect of the lunar 
parallax for the moon at least distance in the syzygies (if we subtract the solar, 
parallax) is about 0;8°, and the maximum southward effect, under the same 
conditions, is 0;58°. When its [latitudinal] parallax is 0;8° northwards, it has a 
maximum longitudinal parallax of about 0;30°, round about Leo and Gemini; 
and when its [latitudinal] parallax is 0,58° southwards, it has a maximum 
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longitudinal parallax of about 0;15°, round about Scorpius and Pisces. 25 So if 
we suppose that the true centre of the moon is at D, and draw line DE, which 
represents the total parallax, DG will (approximately) represent the parallax in 
longitude, and GE the parallax in latitude. 

Therefore, when the moon is to the north of the sun and has a maximum 
southward parallax, 

H482 arc DG will be 0;15°, and arc AEG [0;33,20° + 0;58° =] about 1;31°. 

Now the ratio between the arc from the node to G and the arc GA is about 
1 \{ : 1 for distances between the eclipse limits: this can easily be seen from our 
previous demonstration of the inclination of the lunar orbit. 26 So the distance 
from the node to G will be 17;26°, and GD added to this makes 17,41°. 

And when the moon is to the south of the sun and has its maximum 
northward parallax, arc DG will be 0;30°, and the whole of arc AEG, 
[0;33,20°+ 0;8° ** ] 0;41°. By the same kind of calculation as before, the 
distance from the node to G will be 7;52°, and the total distance, including arc 
GD, 8; 22°. 

Therefore, the limiting positions, in which the moon can just be in apparent 
contact with the sun, for the above regions of our part of the inhabited world, 
are when the true distance of the centre of the moon from either of the nodes on 
its inclined circle is 17;41° towards the north, or 8;22° towards the south. 

Furthermore, since, as we showed, the maximum equation of anomaly is 
2;23° for the sun and 5;1° for the moon near the syzygies, it will at times be 
possible for the true distance of the moon from the sun at mean syzygies to reach 

H483 7;24°. But, in the time the moon takes to traverse the distance [7;24°], the sun 

will traverse an extra distance of about nth of that amount, i.e. 0;34°; and 
again, while the moon is traversing that extra 0;34°, the sun will traverse an 
extra nth of that, or about 0;3° (a nth of the latter is negligible). So if we add the 

sum, 0,37° (which is nth of the original 7;24 0 ) 27 to the 2;23° of the solar 
[equation of] anomaly, we get 3°, which is, approximately, the maximum 
dilference in longitude and [argument ol] latitude between mean position [of 
the bodies] at mean syzygy and their true position [at true syzygy]. So the 
limiting positions in which the moon can just be in apparent contact with the 

sun, for the above regions, are when the mean distance of the centre of the moon 
from [either ol] the nodes on its inclined circle is 20,41 ° to the north, or 11 ;22° to 
the south. And by the same argument, the above effect can take place in the 
regions in question only when the amount of the distance of the moon from the 
northern limit corresponding [in the fifth column of Table VI 3] to the mean 
syzygy falls between 69; 19° and 101;22°, or between 258;38° and 290;41°. 

H484 Next, to obtain the moon’s ecliptic limits: since, as we showed [p. 284], the 
moon’s radius at its least distance [at syzygy] subtends 0; 17,40°, and the 


~ r ’Ptolemy computes the maximum effect of the parallax on ecliptic limits for the region 
embracing the standard ‘7 climata’ (see Introduction p. 19). There are some serious problems in his 
(unsupported) statements here, for which see HAMA 127-9. 

:H I.e. taking the inclination as 5° (V 12 p. 247), and taking the small spherical triangle formed by 
the latitude, the ecliptic and the moon’s orbit as plane, we compute to : 3 = Crd 110° : Crd 10° = 
119:32,37 : I0;27,32 = 11.43 : 1 *» ll} : I. 

27 Cl', p. 281 n.12. 



.. * '■ " " ' ‘ ■ * ■ ^~^^**-J*m **' » -. * i 

VI 5. Eclipse limits for lunar eclipses 287 

shadow’s radius, being about 2i times that, comes to 0;45,56V 8 it is clear that 
when the true distance of the moon’s centre is 1;3,36° from the shadow’s centre 
on either side o 1 the ecliptic (as measured along the great circle drawn through 
the poles of the moon’s inclined orbit), or about 12; 12° from either of the nodes 
on its inclined circle (according to the ratio 1 : 11 i), that is the limiting position 
in which the moon can just touch the shadow. And by the same argument as was 
deduced above from the anomaly, the limiting position for the moon to touch 
the shadow will be when the distance of the mean moon’s centre from the node 
on its inclined circle is 15; 12°. Hence the [mean moon], in distance from the 
northern limit, must fall within the boundaries 74;48° to 105; 12°, or 254;48° to 
285; 12°. 

VVe will, then, include these numbers for the moon’s [argument of] latitude at 
solar and lunar [eclipse] limits in the preceding table of syzygies, in order to 
provide a convenient method of determining whether [a giv en syzygy] could 
fall into the category of an eclipse. 


6. {On the interval of months between eclipses} 29 

In addition to the above, it would also be useful to discuss the problem of the 
intervals at which, in general, it is possible for ecliptic syzygies to occur, so that, 
once we have determined a single example of an ecliptic syzygy', we need not 
apply our examination of the [ecliptic] limits to every succeeding syzygy' in 
turn, but only to those which are separated [from the first] by an interval of 
months at which it is possible for an eclipse to recur. 

Now it is immediately obvious that eclipses of both sun and moon can occur 
at 6-month intervals, since the increment in the moon’s mean motion in 
[argument of] latitude over 6 months comes to 184; 1,25°, and the arcs between 
the ecliptic limits [at opposite nodes], for both sun and moon, comprise less than 
the above amount if they are less than a semi-circle, and more than the above 
amount if they are greater than a semi-circle. 30 

For, in the case of the sun, the ecliptic limits cut oif20;41° (as we showed 
[p. 286]) to the north of both nodes on the moon’s inclined circle, and 11;22° to 
the south. Thus 31 the arcs on which eclipses cannot occur comprise 138;38° to the 
north [of the nodes], and 157; 16° to the south. 

And, in the case of the moon, the ecliptic limits cut off 15; 12° [above] of the 
circle [of the moon’s orbit] from the nodes on both sides of the ecliptic. Thus 
each of the arcs on which eclipses cannot occur comprises 149;36°. 


Note that Ptolemy takes precisely 2} times the moon’s radius, instead of the value which he had 
actually derived from the observations, 0;46°. 

29 See HAMA 129-34. Pedersen 230-1 is too summary to be useful. 

*°For what follows refer to Fig. H, and, for the increments in motion, to Table VI 3. For the 
moon, DA = BC = 149;36° < 184;1,25°, and AD = CB = 210;24° > 184;1,25°. For the sun, BC * 
138:38° < 184; 1,25°; AD = 202;44° > 184;1,25°; DA = 157;16° < 184;1,25°; and CB = 221;22° > 
184; 1,25°. It is necessary' that both conditions be fulfilled for it to follow that when the (mean) moon 
is on one of the ecliptic arcs (AB, CD) at the beginning of the interval it will be on the other (at a 
distance of 184; 1.25°) at the epd. 

u Omitting teal (with D) at H485,22. 


H485 


H486 
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MOON 



SUN 



On the basis of the theories developed above, it is possible for eclipses of the 
moon to recur at a 5-month interval which is the longest possible, i.e. an interval 
in which the sun has the greatest possible motion and the moon the least. We 
can see that as follows. 

In the mean 5-month interval we find the following increments in the 
motions: 

mean motion in the longitude of both luminaries: 145;32° 
motion of the moon on the epicycle in anomaly: 129;5°. 

The sun’s 145;32°, when its [true] motion is greatest, [i.e. distributed 
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symmetrically] either side of the perigee, produce an addition to the mean 
motion of 4;38°. 32 The 129;5° of the moon’s anomaly on the epicycle, when its 
[true] motion is least, [i.e. distributed symmetrically] either side of the apogee, 
produce a decrement from the mean motion of 8;40°. Therefore over the period 
of 5 mean synodic months during which the sun has its greatest possible motion 
and the moon its least, the moon will still be in advance of the sun by the sum of 
both [above equations of] anomaly, i.e. 13; 18°. We take i^th of this (for the 
reasons explained above [p. 286]), and get about 1;6° for the additional motion 
of the sun before the moon overtakes it. So, since it has an additional 4;38° of 
motion from its own anomaly, and another 1;6° from the motion needed for 
overtaking [the sun] at true syzygy, the greatest possible 5-month interval will 
be greater than the mean by 5;44° of longitude. Hence the moon’s additional 
motion in latitude on its inclined circle will be about the same amount [5;44°] 
over the mean motion in latitude in 5 months, which comes to about 153;21°. 
Thus the true motion in latitude over the greatest possible 5-month interval 
comes to 159;5°. 

But the ecliptic limits of the moon for the moon's mean distance enclose about 
1° (either side of the ecliptic) of the great circle drawn through the poles of the 
moon’s inclined circle; lor at the moon’s least distance [the corresponding 
amount] is 1;3,36°, and at its greatest distance 0;56,24 0 ; 33 thus [the ecliptic 
limits enclose] 11;30° of the inclined circle either side of the nodes, and hence 
the anecliptic arc between them comprises 157;0°. This amount is2;5° less than 
the 159;5° of the [moon's] inclined circle which is the increment over the 
greatest possible 5-month interval. From these considerations it is clear that, if 
one takes the longest possible 5-month interval, the moon can be eclipsed at the 
opposition at the beginning of that interval, while it is receding from either of 
the nodes, and then be eclipsed again at the opposition at the end of the interval, 
while it is approaching the opposite node. The obscuration will take place from 
the same side of the ecliptic (never from opposite sides) in both eclipses. 

Thus we have shown that the longest possible 5-month interval can produce 
two lunar eclipses. However, it is impossible for this to occur if 7 months 
intervene, even if we assume the shortest possible 7-month interval, namely that 
in which the sun has its least motion and the moon its greatest. We can see this 
by the same method as above. 

For in the mean 7^month interval the increments in motion are as follows: 

mean motion in longitude of both luminaries: 203;45° 

moon’s motion on the epicycle: 180;43°. 

The sun’s 203;45°, when its [true] motion is least, [i.e. distributed symmetrically] 
either side of the apogee, produce a decrement from the mean motion of 4; 42°, 
while the 180;43° of the moon’s [anomaly] on the epicycle, when its [true] 
motion is greatest, [i.e. distributed symmetrically] either side of the perigee, 
produce an addition to the mean motion of 9;58°. Therefore over the period of 7 

32 1.c. the solar equation is -2; 19° at a solar anomaly ofl 80°-(145 ;32+2)°, or 107; 14°, and +2; 19° 
at the symmetric position of 252;46°. The corresponding true longitudes are 65;30° greater, or 
about 71? 20° and ~ 20°, cf. p. 290. 

33 Sec pp. 287 and 254. The amount is the sum of the radii of moon and shadow. At greatest 
distance this is 0,15,40° + (2 1 x 0; 15,40)° = 0;56,24°. 
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H489 mean synodic months in which the sun has its least possible motion and the 
moon its greatest, the moon will be beyond the sun by the sum of both [above 
equations of] anomaly, 14;40°. For the same reason [as before], we take nth of’ 
this, [1;13°], and add it to the decrement due to the sun’s anomaly, 4,42°. The 
result, 5,55°, gives us the approximate amount by which [the bodies’] motion in 
longitude over the shortest possible 7-month interval falls short of that over the 
mean 7-month interval. The moon’s motion in latitude will fall short ol that 
over the mean 7-month interval, 214;42°, by the same amount [5;55 0 ]. So in the 
least possible 7-month interval the increment in the moon’s latitudinal motion 
on its inclined circle will be 208;47°. But the total amount of the greatest arc 
between the [ecliptic] limits of the moon at mean distance, that is the arc 
between the limit preceding one node and the limit following the other node, is 
only [180° + 2 x 11;30° =] 203°. Therefore it is impossible for the moon to be 
eclipsed at the first opposition of a 7-month interval and then to be eclipsed 
again, in any way whatever, at the last opposition of that interval, even if it is 
the shortest possible. 

We must now prove that, over the greatest possible 5-month interval, the sun 
too can be eclipsed twice lor observers in the same place, and in all regions of our 
part of the inhabited world. 

In the longest possible 5-month interval, the moon’s increment in [argument 
of] latitude is, as we have shown [p. 289], 159;5°. And the arc on which solar 
H490 eclipses cannot occur, for the moon’s mean distance, is 167;36°; for the sun’s 
ecliptic limits are 0;32,20° from the ecliptic, as measured along the great circle 
through the poles of the ecliptic, and about 6; 12°, as measured along the moon's 
inclined circle. 14 So it is clear that, if the moon has no parallax, the event in 
question [solar eclipses at a 5-month interval] will be impossible, since the 
anecliptic arc exceeds the motion over the longest possible 5-month interval by 
8;31° counted along the [moon's] inclined circle, which corresponds to about 
0;45° on the [great circle] orthogonal to the ecliptic. However, at any place 
where the moon can attain a parallax so great that the parallax at either of the 
conjunctions at the two ends [of the interval], or the sum of the parallaxes at 
both conjunctions combined, exceeds 0;45°, it is possible for the conjunctions at 
both ends to produce an eclipse at that place. 

Now we have shown [p. 289] that, over the period of that mean 15 5-month 
interval in which the moon has its least possible motion and the sun its greatest, 
[which is] from two-thirds through Virgo up to two-thirds through Aquarius, ;tb 
the moon is still in advance of the sun by the sum of both [equations of] anomaly, 
13;I8°. It takes the moon, in mean motion, l u 2| h tomove(13;18° +1: x 13;18°). 37 

34 The ecliptic limits of the sun are, in latitude, the sum of the radii of the sun (0; 15,40°, p. 285) 
and the moon at mean distance (mean between 0; 15,40°, p. 254, and 0; 17,40°, p. 285, i.e. 0; 16,40°). 
0 ; 15,40° + 0; 16,40° = 0;32,20°. The corresponding distance from the node is 1 if x0;32,20° = 6;l 1,50° 
*** 6; 12°. So the anecliptic arc is (180° - 2 x 6; 12°) = 167;36°. 

35 It is essential to read (with D,Ar) p£oTy; ravrap^vou at H490,16 for peyton^ 
nevxaptivoo (‘the greatest 5-month interval’). The meaning is ‘the interval of 5 mean synodic 
months’. The change to peyiorrrjq was probably made by someone who compared iv xrj peyiaiT} 
rtEvrapT^vcp (H489,25), where the phrase is in order only because it refers to true synodic months. 
However, for a purely mechanical confusion between peoov/pEyioTov compare p. 292 n.43. 

36 See p. 289 n.32. 

17 In r 2i h the moon moves 14;24,42° in longitude. 13;18° + 1;6° (p. 289) = 14;24°. 
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Hence it is clear, since the period of the mean 5-month interval is about 
14T* 15i\ 38 that the period of the longest possible 5-month interval will be 
148 d 18 h . Therefore the last conjunction, which takes place about two-thirds 
through Aquarius, will be earlier [in the day] than the first conjunction, which 
takes place about two-thirds through Virgo, by 6 hours (which is the difference 
[of the above period] from an integer number of days). So we have to search for 
a place and time at which, if the moon is in Virgo [ca. 20°] and also, 6 hours 
earlier, in Aquarius [ca. 20°], its parallax exceeds the above-mentioned 0;45°, 
that is, either its parallax in one of those signs taken singly, or the combined 
parallax in both of those signs. 

Now we find that the moon’s northward parallax never reaches that amount 
(under the prescribed conditions) in any place in our part of the inhabited 
world. Hence it is impossible for the sun to be eclipsed twice in the longest 
possible 5-month interval when the moon’s position is to the south of the 
ecliptic, that is when it is receding from the descending node at the first 
conjunction and approaching the ascending node at the last. However, it can 
achieve a southward parallax of this amount, in all regions (beginning almost at 
the equator, and going northwards), if one takes the combined parallax at both 
the above signs with a 6-hour difference. This occurs when 20° is at the 
setting-point at the first conjunction, and ~ 20° in the meridian at the second 
conjunction. For in those situations we find the following approximate 
southward parallaxes, for the moon at mean distance (subtracting the solar 
parallax): 39 

]) in np in — 

at the equator 0;22° 0;14° 

where the longest day is 12: h 0;27° 0;22°. 

Thus already in latter region the combined parallaxes exceed the 0;45° in 
question by 4 minutes. And since the southward parallax increases as one takes 
regions farther north, it is obvious that there will be an increasing possibility, [as 
one goes to regions farther north,] for the sun to be eclipsed for the inhabitants of 
those regions twice in the longest possible 5-month interval. However, this can 
happen only while the moon's position is to the north of the ecliptic, that is when 
it is receding from the ascending node at the first eclipse and approaching the 
descending node at the second. 

I say, furthermore, that it is possible for the sun to be eclipsed twice for 
observers in the same place also in the shortest 7-month interval. For, as we 
have shown [p. 290], the moon’s motion in [argument of] latitude over the 
shortest 7-month interval is 208;47°. And the greatest arc of the [moon’s] 
inclined circle intercepted between [two] ecliptic limits (which is the arc 
between the limit preceding one node and the limit succeeding the opposite 
node) is, for the sun when the moon is at mean distance, 192;24°. 40 So it is again 
clear that, if the moon has no parallax, the event in question cannot take place, 
since the arc of the [moon’s] inclined circle covered in the shortest 7-month 

38 Result of multiplying 29;31;50,8,20 d by 5. More accurate would be 15 J h . 

* 9 The details of the computation of these are given in the commentary of Pappus (Rome [1] I 
225-9), who finds 0;29° instead of 0;27°. 

40 1.e. 180° + 2x6; 12°. Cf. p" 290 n.34. 
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interval exceeds the greatest arc cut off between the sun’s ecliptic limits by 
16;23°, as measured on the inclined circle, [which corresponds to] 1;25° on the 
circle through the poles of the ecliptic. But in any place where the moon’s 
parallax is great enough so that the parallax at either of the con junctions at the 
two ends [of the interval], or the sum of the parallaxes at both conjunctions 
combined, exceeds 1;25°, it is possible for the conjunctions at both ends to 
produce an eclipse at that place. 

Now we have shown [p. 290] that, over the period of that mean 7-month interval 
in which the moon has its greatest [true] motion, and the sun its least, [which is] 
from the end of Aquarius to the middle of Virgo, 41 the moon, in true motion, has 
already overtaken the sun by 14;40°. The moon in mean motion traverses 
(14;40 + T5 x 14;40)° in I d 5 h . 42 Hence, since the period of the mean 7-month 
interval comprises about 206 d 17 h . the period of the shortest possible 7-month 
interval will be 205 d 12 h . Therefore, the last conjunction, which takes place 
H494 about the middle of Virgo, wiil be 12 hours later, [in the day] than the first 
conjunction, which takes place about the end of Aquarius. So we have to search 
for a place and time at which the moon’s parallax can exceed 1;25°, either at 
one of those situations singly or at both situations combined, when the two 
situations are separated by 12 hours, i.e. one sign is setting and the other rising 
(for otherwise it wiil be impossible for both eclipses to occur above the horizon). 

Now, again, it is impossible for the moon to achieve a northward parallax of 
that amount for any region in our part of the inhabited world, since, even for 
those living directly below the equator, the [northward] parallax in latitude at 
the [moon's] mean 43 distance never exceeds 23 minutes. Hence it is impossible 
for the sun to be eclipsed twice in the shortest 7-month interv al when the moon’s 
position is to the south of the ecliptic, i.e. when it is approaching the ascending 
node at the first conjunction and receding from the descending node at the last 
conjunction. But we find that a southward parallax of that amount [i.e. greater 
than 1;25°] is achieved [for regions north of a latitude which is] approximately 
the parallel through Rhodes, when the end of Aquarius is rising and the middle 
of Virgo is setting. For in Rhodes, and those regions beneath the same parallel, 
H495 at both of the above situations the parallax of the moon at mean distance (with 
the solar parallax subtracted) is about 0;46° southwards. 44 Thus already in 
these regions the sum of the parallaxes at both conjunctions is greater than 
1;25°. And since for regions yet farther north than this parallel the southward 
parallax is greater, it is obvious that for the inhabitants of those regions an 

41 Cf. p. 289 n.32. Here the longitudes are given by 
65:30° ? J (203;45° - 4;42°) = j" 
in I” 5" = 15:55,17°. H x 14;40° = 15:53,20°. 

43 Reading peoov (with Ar) for peytoxov (‘greatest distance’) at H494,I2. The reading is 
multiply guaranteed: Ptolemy uses the moon’s mean distance throughout this section (cf. pp. 289, 
290); taking the greatest distance decreases the parallax (which is in conflict with the argument here). 
Numerically, from Table V 18, for a zenith distance of 24° (the maximum zenith distance of the 
ecliptic at the terrestrial equator) the parallax (lunar minus solar) at mean distance is 0;22,6 + j x 
0;4,18 - 0;1,9 = 0;23,6° (likewise at minimum distance it is 0,22,6 + 0;4,J8 - 0;1,9 = 0:25,15°, cf. 
p. 294). Corrected by Manitius. 

44 A somewhat unsatisfactory numerical verification of this (using the Handy Tables) is in 
Pappus’ commentary (Romefl] I 232-4). 
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eclipse of the sun can be observed twice in the shortest 7-month interval. 
However, this is, again, possible only when the moon’s position is north of the 
ecliptic, i.e. when it is approaching the descending node at the iirst eclipse and 
receding from the ascending node at the second. 

It remains for us to prove that it is impossible for the sun to be eclipsed twice 
at one month’s interval in our part of the inhabited world, either [for observers] 
at the same latitude or at dillerent latitudes, even if one assumes a combination 
of conditions which could not in fact all hold true at the same time, but which 
may be lumped together in a vain attempt to provide a possibility of the event in 
question happening. These assumptions are, that the moon is at least distance 
(to make its parallax greater); that the month is the shortest possible (so that the 
amount by which the month’s motion in latitude exceeds the distance between 
the sun’s ecliptic limits be as small as possible); 45 and that we use, without 
analysis [of whether it is a possible situation], those times and zodiacal signs in 
which the moon’s apparent parallax is greatest. 

Now in 1 mean synodic month the mean motions of the bodies are as follows: 
increment of motion in longitude lor both luminaries: 29;6° 
moon’s [anomaly] on the epicycle: 25;49°. 

The 29;6° of the sun’s motion, [when distributed symmetrically] either side of 
the apogee to produce its least [true] motion, result in an equation of-1 ;8° from 
the mean. And the 25;49° of the moon’s motion, [when distributed symmetri¬ 
cally] either side of the perigee to produce its greatest [true] motion, result in an 
equation of +2;28° to the mean. In accordance with our previous 
demonstration, we take the sum of both equations of anomaly, 3;36°, and add 
nth of this, 0;18°, to the amount by which the sun was behind [i.e. 1;8°]. This 
gives us 1;26° for the amount by which the motion over the shortest month in 
longitude and [argument of] latitude is exceeded by that in 1 mean synodic 
month. Therefore, since the motion in latitude during one mean synodic month 
is 30;40°, that in the shortest month is 29;14°, which corresponds to about 2;33° 
on the great circle perpendicular to the ecliptic. But the total amount of [the 
corresponding distance at] the sun’s ecliptic limits when the moon is at least 
distance is 1;6°, 46 which the shortest-month distance exceeds by 1;27°. 
Therefore, if the sun is to be eclipsed twice at an interval of 1 month, it would be 
absolutely necessary either for the moon to have no parallax at one conjunction 
and more than 1;27° at the other, or, secondly, for the parallax at both 
conjunctions to be in the same direction and for the difference between the 
parallaxes to be greater than 1:27°, or, [thirdly], for the parallax at one 
conjunction to be towards the north and the parallax at the other to be towards 
the south, while their sum exceeded that amount [1;27°]. But nowhere on earth 
does the moon at syzygy, even at its least distance, have a latitudinal parallax of 
more than 1° (when the solar parallax is subtracted). Therefore it will not be 
possible for a solar eclipse to occur twice at the interval of the shortest month 

As Ptolemy implies, these two conditions cannot both hold: for the moon, to achieve greatest 
parallax, has to be at the perigee of the epicycle, but to produce the shortest month (see below) has 
to be at symmetrical positions either side of the perigee. 

4 * The sum of the radii of sun and moon at least distance is 0;33,20° (p. 285). Ptolemy rounds this 
to 0*,33° and doubles it (since we are dealing with two eclipses). 


H496 


H497 



294 VI6. Solar eclipses at 1-month interval 

either when the moon has no parallax at one conjunction or when its parallax is 
in the same direction at both conjunctions. For the difference between the 
parallaxes cannot exceed 1°, and we need 1;27°. Hence the event in question 
could occur only under the condition that the two parallaxes are in opposite 
H498 directions, and that the sum of both exceed 1 ;27°. This could happen for parts of 
the inhabited zones in different [parts of the earth], since it is possible for the 
southward parallax of the moon in the regions north of the equator, in our part 
of the inhabited world, and the northward parallax in the regions south of the 
equator, among the so-called ‘antipodes’, to reach as much as 1° (with 
subtraction of the solar parallax). 47 However, it could never happen in the same 
part of the inhabited world, since in both [oikoumenai] alike, for those situated 
directly beneath the equator, the maximum parallax of the moon, both to the 
north and to the south, does not exceed 25', 48 and for those at the extreme north, 
or extreme south [respectively of their oikoumene] the parallax in the opposite 
direction does not exceed the above-mentioned 1°, so that even in this case [i.e. 
taking the equator and the extreme northern or southern limits] the sum of the 
parallaxes is still less than 1;27°. And since both opposite parallaxes become 
progressively much smaller in regions between the equator and the other 
extreme [of each oikoumene], the impossibility becomes ever greater for such 
regions. Therefore it is impossible for the sun to be eclipsed twice in one month 
for the same observers anywhere on earth, or for different observers in the same 
part of the inhabited world. This was what we intended to prove. 


H499 7. [Construction oj eclipse tables} 49 

By means of the above it has become clear to us which intervals between 
syzygies should be taken into account when we are examining for eclipses. Now, 
after having determined the times of mid-eclipse at these [syzygies], and 
computed the moon’s positions at that moment, (the apparent positions at 
conjunctions and the true positions at oppositions), we want to have a 
convenient means of determining, from the moon’s position in latitude, which 
of those syzygies will definitely produce an eclipse, and the magnitudes and 
times of obscuration for these eclipses. To solve this problem we have 
constructed tables, two for solar eclipses and two for lunar eclipses ([in each 
case] one for the moon’s greatest distance and one for its least distance). The 
interval which we establish [between successive entries in the tables] is 


47 This was already shown by Hipparchus, as is dear from Pliny, N H II57. a passage which shows 
that Hipparchus had anticipated Ptolemy in the investigation of the topic of eclipse intervals. Cf. 
HAMA 322. The word I have translated ‘antipodes’ isdvtixOovet; (‘[people in] the opposite [part of 
the] earth’). See LSJ s.v. 2.1 have excised a/ro o icJf at H498,8. This would have to mean ‘to be be¬ 
tween the limits of 0;25° and 1°’, which is nonsense, since the lower limit is zero. The phrase was 
interpolated by someone who misunderstood this use ofpexpi, and look the 25' (senseless in this 
context) from just !>eiow. 

48 Cf. p. 292 n.43. 

4 *See HAMA 134-41, Pedersen 231-5. 
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determined by the amount of obscuration, being nth of the diameter of 
whichever of the luminaries is eclipsed. 50 

The first table for solar eclipses, which covers the interval between the limits 
of eclipses at the moon’s greatest distance, will be arranged on 25 lines in 4 
columns. The first two columns will contain the apparent position of the moon 
in [argument of] latitude on the [moon’s] inclined circle for each [unit ol] 
obscuration. Since the sun’s diameter is 0;31,20°, and, as was proven[p. 254], the 
moon’s diameter at its greatest distance is also 0;31,20°, it follows that when the 
moon’s apparent centre is 0;3l,20° from the sun’s centre on the great circle 
through both their centres, (and thus is 6° from the node along its inclined 
circle, according to the previous ratio, 11 ;30 : 1), that will be the situation in 
which the moon just touches the sun. So in the first line of the first column we 
put ‘84°’, and in the first line of the second column, ‘276°’; again, in the last line 
of the first column we put ‘96°’, and in the last line of the second column, ‘264°’. 

Furthermore, since the amount of the [moon’s] inclined circle which 
corresponds to nth of the solar diameter is about O^O 0 , 31 we increase or decrease 
the entries in the above-mentioned two columns by that amount, beginning 
from the lines at both ends and going towards the middle. On the middle line we 
put k 90°’ and ‘270°’. 

The third column will contain the magnitude of the obscuration. On the two 
lines at top and bottom we put the ‘0’ representing the touching position, on the 
two lines next to those k l digit’ (representing nth of the diameter), and so forth 
for the rest, with ah increment [from line to line] of 1 digit up to the middle line, 
which will receive the entry ‘12 digits’. 

The fourth column will contain the distance travelled by the centre of the 
moon corresponding to each [tabulated] obscuration, without however taking 
into account either the sun’s additional motion [during the phase ol the eclipse] 
or the moon’s epiparallax [i.e. the change in the moon’s parallax]. 

The second table for solar eclipses, which covers the interval between the 
limits of eclipses at the moon’s least distance, will be arranged in the same way 
as the first, except that it will have 27 lines in 4 columns. The moon’s radius at its 
least distance is, as we have shown [p. 284], 0; 17,40° where the sun’s radius is 
0; 15,40°. So when the moon [at least distance] is just touching the sun, its 
apparent centre is 0;33,20° from the sun’s centre, and 6;24° from the node along 
its inclined circle. So 52 the entries for the apparent [argument of] latitude in the 
top and bottom lines are ‘83;36°, 276;24°\ and ‘96;24°, 263,36°’ [respectively], 


30 I.e. the intervals between successive arguments in the tables (cols. 1 and 2 in Table VI 8) is 
determined by taking integer values of the magnitude (col. 3), in contrast with the normal 
procedure, in which one takes the argument at purely arbitrary intervals. This is more of a 
convenience for the compiler of the tables than for the user, but it persisted in eclipse tables of the 
Handy Tables and in many of the mediaeval tables derived from them (see e.g. Toomer [ 10] no. 59 p. 
88 ). 

0^20 x u j _ o.3 0> 2 - 0;30. 

52 Heiberg’s text in this paragraph is in disarray. To produce a logical sequence, insert a 
strong stop at the end of 501,9, begin the next sentence (teat) 5ia (with Ar), remove the strong 
stop at the end of 501,17, and*excise the yap (with D,Ar) in 501,18. 
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and the entry for the digits on the middle line, if we use linear extrapolation, will 
be 12s digits. For this entry there will also be a duration of totality. 53 
H502 Each of the lunar [eclipse] tables will be arranged in 45 lines and 5 columns. 
In the first table we will tabulate the [argument of) latitude for greatest distance 
of the moon. The moon’s radius at its greatest distance is, as we showed [p. 254], 
0:15,40°, and the radius of the shadow, 0;40,44°. So, when the moon is just 
touching the shadow, the moon’s centre is 0;56,24° from the shadow’s centre 
along the great circle through both centres, and 10;48° from the node along the 
[moon’s] inclined circle. So we put, on the first line, ‘79; 12°’ [in the first column] 
and ‘280;48°’ [in the second column], and on the last line T00;48°’ and 
259; 12°’. By the same reasoning as in the first [solar table], we increase or 
decrease each line by 0;30°, which corresponds to nth of the lunar diameter for 
that distance. 

In the second table we will tabulate the [argument ol] latitude for the moon 
at least distance, at which, as was shown [p. 284], its radius is 0; 17,40°, and the 
radius of the shadow 0;45,56°. Therefore, when the moon just touches the 
shadow, its centre is, by the same argument as before, 1 ;3,36° from the centre of 
H503 the shadow, and 12; 12° from the node along the moon’s inclined circle. Hence 
we put, on the first line, ‘77:48°’ and ‘282;12°’, and, on the last line, ‘102:12°’ 
and ‘257;48°’. and again increase or decrease the entries by the amount 
corresponding to nth of the lunar diameter for that distance, [namely] 0;34°. 

The third column [in each table], for the digits, will be arranged in the same 
way as that in the solar tables. So too will be the succeeding columns, which 
contain the travel of the moon for each [tabulated] obscuration, namely [the 
fourth column] for both immersion and emersion, and also [the fifth column] for 
half of totality. 

We computed the travel of the moon tabulated for each obscuration 
geometrically, but as if [the problem were confined to] a single plane and 
straight lines, since such small arcs do not dilTer sensibly from the corresponding 
chords, and furthermore the moon’s motion on its inclined circle is not 
noticeably different from its motion with respect to the ecliptic. 

[I say this] in case anyone should suppose that we do not realise that, in 
general, the moon’s motion in longitude is affected by the use of arcs of the inclined 
H504 circle instead of arcs of the ecliptic, and also that it does not follow that the time 
of syzygy is exactly the same as the time of mid-eclipse. [To illustrate this, see 
Fig. 6.2], we cut off from the node A two equal arcs of the circles in question 
[orbit and ecliptic], AB and AG, join BG and from B draw BD perpendicular to 
AG. Then it is immediately obvious that, if we suppose the moon at B, when we 
use arc AG of the ecliptic instead of arc AD, then, since motion with respect to 
the ecliptic is determined by [the great circle] through the poles of the ecliptic, 
the difference [in longitude] due to the inclination of the lunar orbit will be GD. 


31 The interval of argument corresponding to 1 digit of eclipse magnitude is 0;30° elsewhere in the 
table. Since the interval here is 0;24°, the corresponding amount in digits is t. Accurate 
computation from the radii 0; 17,40° and 0; 15,40° gives the magnitude of the maximum solar eclipse 
as The amount l>evond 12 digits represents the “duration of totality’ (povii), as in lunar 

eclipses. See also p. 305 n.63. 
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B 


A 

Fig. 6.2 

Or again, if we imagine the sun or the centre of the shadow at B, 54 the time of 
syzygy wiii occur when the moon is at G ([we can say this] since the difference 
due to the two circles [ecliptic and orbit] is negligible), but the time of mid¬ 
eclipse when the moon is at D, since, again, the time of mid-eclipse is defined by 
the circle through the poles of the moon’s orbit. And [thus] the time of syzygy 
will differ from the time of mid-eclipse by arc GD. 



G D 



Fig.J 


The reason that we did not take these arcs into account in our derivations of 
the individual [entries] is that the differences they cause are small and 
imperceptible. While it would be absurd not to recognise any of these effects, on 
the other hand, when one considers the resultingcomplication in the methods 
necessary to deal with each of them, deliberate neglect of effects small enough to 
be overlooked both in theory and observation evokes [in the reader] a strong 
feeling of the advantage of greater simplicity, and no regret, or little, for the 
resulting error in representing the phenomena. In any case, we find that the arc 
corresponding to GD does not, in general, exceed 0;5°. This can be 
demonstrated by means of the same theorem which we used [I 16] to calculate 
the difference between arcs of the equator and corresponding arcs of the 
ecliptic, as defined by a [great] circle drawn through the poles of the equator. 
And in eclipses [the arc corresponding to GD] does not exceed 2'. For, if we take 

54 1.c. the two arcs are now interchanged, AB being the ecliptic and AG the moon’s orbit. Instead 
of using the same figure, Ptolemy should have drawn another one, in which GB is perpendicular to 
AB (i.e. AB# AG). CompareFig.J (taken from Manitius 452-53), which shows that the true syzygy 
{at G) precedes the eclipse-middle (at D) before the node, but succeeds it after the node. 


H505 
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arc AB = arc AG = 12°, which is the maximum amount of the moon’s distance 
[from the node] at eclipses, then BD is about 1 °. And hence AD is about 11 ;58°, 
and, by subtraction, GD is 2', which corresponds to less than rkth of an 
equinoctial hour. 55 Scrupulous accuracy about such a small amount is a sign of 
H506 vain conceit rather than love of truth. 

For the above reasons we have computed the travel of the moon during the 
obscurations in question as if the circles [of ecliptic and orbit] were sensibly 
identical. The method of calculation, to give one or two examples, is as follows. 

Let [Fig. 6.3] 56 A be the centre of the sun or the shadow, and BGD the straight 
line representing the arc of the moon's [inclined] circle. Let the points 
representing the moon’s centre when it is just touching the sun or the shadow 
be, at the moon’s approach [i.e. at first contact] B, and at its recession [i.e. at last 
contact] D. Join AB and AD, and drop perpendicular AG from A on to BD. 

A 


B 


Now' it is clear that eclipse middle and greatest obscuration occur when the 
centre of the moon is at G, because [1] AB equals AD, and hence the distances 
travelled, BG and GD, are also equal, and because [2] AG is the least of all lines 
joining the two centres [when the moon is] on BD. It is also clear that AB and 
AD each comprise the sum of the radii of moon and sun or [moon and] shadow, 
and that each of them exceeds AG by that part of the diameter of the eclipsed 
body which is cut off by the obscuration. 

H507 This being the case, let the obscuration be, e.g., 3 digits. First let A represent 
the sun's centre. 

Therefore, 37 when the moon is at its greatest distance, 

AB = 31;20 minutes [p. 295]. 

AB 2 = 981;47. 

And AG = 23;30 minutes, since it is less than AB byi^ths 
of the sun’s diameter, i.e. 7;50 minutes. 



G 0 


Fig. 6.3 


55 Cf. HAMA 83 n.5, estimating a maximum error of 6' as a result of neglecting the inclination of 
the lunar orbit in computing longitudes. Using the formula tan X = tan to cos t, I find, lor t = 5°, the 
maximum difference between A. and to as about 6i' for to ** 45;3°. Using the same formula for to = 
12°, I find X = 11;57,20°, hence GD = 0;2,40°, which still leads to less than nth of a n hour’s d ifference 
in the time of mid-eclipse. Ptolemy computes crudely BD ** AB/11 1 i, AD = \/12 2 - l 2 ** 11;58. 

36 Figs. 6.3 and 6.4 are elucidated by Figs. K. and L respectively, in which the circles representing 
the sun, moon and shadow are drawn in. These are taken from Manitius, but are also very similar to 
the alternative diagrams found in ms. D. 

57 Reading im pev a pa (with D) for fejci pev ouv apa at H507,3. 
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Fig. K 


So AG- = 552:15. 

Hence BG 2 = 429:32, 

and BG^20;43 minutes. 

This is the amount which we will enter in the fourth column of the first table for 
solar [eclipses] opposite *3 digits'. 

For the moon's least distance 9 

AB = 33;20 minutes [p. 295]. 

AB 2 = 1111 ;7. 

And AG = [0:33,20° - 0;7,50° =] 25;30 minutes, 
so AG- = 650:15. 

And, by subtraction, BG 2 = 460;52, 

and so BG = 21:28 minutes. 

This is the amount which we will enter in the fourth column of the second table 
for solar [eclipses] opposite k 3 digits'. 

Next let A represent the centre of the shadow, and let the obscuration be the 
same fraction as before, j, [but now] of the lunar diameter. 

Then, for the moon's greatest distance, 

AB = 56;24 minutes [p. 296], 

so AB 2 = 3180:58. H508 

and AG = 48;34 minutes, since it is less than AB by j*of 
the lunar diameter, i.e. (for the moon's 
greatest distance) 7;50 minutes. 

So AG 2 = 2358;43. 

Hence, by subtraction, BG 2 = 822; 15, 

and BG = 28;41 minutes. 

This is the amount which we will enter in the fourth column of the first table for 
lunar [eclipses] opposite '3 digits’. It represents the travel during immersion, 
which is sensibly equal to that during emersion. 

For the [moon’s] least distance 

AB = 63:36 minutes [p. 296], 

"so AB 2 = 4044;58. 
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And AG = 54;46 minutes, since the difference [between 
AB and AG], 8;50 minutes, is, again, i of the 
moon’s diameter, [here] at least distance. 
AG 2 = 2999;23. 

So, by subtraction, BG 2 = 1045;35, 

and BG = 32;20 minutes. 

This is the amount which we will enter opposite ‘3 digits’, as before, in the 
fourth column of the second table for lunar [eclipses]. 

Next, to represent those [phases of] the lunar obscurations comprising the 
H509 duration of totality, let [Fig. 6.4] A be the centre of the shadow, and BGDEZ the 
straight line standing for the arc of the moon’s inclined circle. Let B represent 

A 



B G D E Z 

Fig. 6.4 


the place of the c entre of the moon when it is just externally tangent to the circle 
of the shadow, at approach, G the place of the centre of the moon when it is just 
internally tangent to the circle of the shadow at the beginning of totality, E the 
place of the centre of the moon when it is just internally tangent to the circle of 
the shadow as [the moon] recedes [at the end of totality], and Z the place of the 
centre of the moon when it is externally tangent to the shadow at the very end of 
its emersion [from obscuration]. Again drop perpendicular AD from A on to 
BZ. The same conclusions as before remain valid, and it is furthermore clear 



Fig. L 
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that AG and AE each comprise the amount by which the radius of the shadow* 
exceeds the radius of the moon. Hence the distance GD is equal to the distance 
DE, and each represents hall'of totality, while BG, the remainder [of BD-GD], 
which represents the immersion, is equal to EZ, the remainder [of DZ-DE], 
which represents the emersion. 

So let us take [for an example] an eclipse for which the entry [in the table] is 
‘15 lunar digits’, i.e. one in which D, the moon’s centre [at mid-eclipse], lies 1 i 
lunar diameters inside the boundary set by the limits of the eclipse. That is to 
say, when 

(AB - AD) = (AZ - AD) = li lunar diameters 

and (AG - AD) = (AE - AD) = i lunar diameter. 

Then, lor the moon’s greatest distance, 

as before [p. 299], AB = 56;24 minutes and AB 2 = 3180;58. 

And AG = 25:4 minutes, since the moon’s diameter at 
greatest distance is 31;20 minutes. 

•** AG 2 = 628,20, 

and, by a similar argument, AD = [56;24 - (31;20 + 7;50) =] 17:14 minutes and 

AD 2 = 296; 59. 

So, by subtraction [of AD 2 from AB 2 ], BD 2 = 2883;59, 
and BD = 53;42 minutes. 

And, by subtraction [of AD 2 from AG 2 ], GD 2 = 331 ;21, 
and GD = 18; 12 minutes. 

So, by subtraction, BG = 35;30 minutes. 

So we will put, opposite the entry ‘15 digits’ in the first table for lunar eclipses, in 
the fourth column *35;30 minutes’ for the immersion (which will be the same for 
the emersion), and, in the fifth column T8;12 minutes’ for half the duration of 
totality. 

For the moon’s least distance, 

as before [p. 299], AB = 63;36 minutes 
and AB 2 = 4044;58; 

AG = 28; 16 minutes, since, as was shown, the 
moon’s diameter at least distance is 35;20 
minutes, 

and AG 2 = 799:0. 

And, bv a similar argument. AD = [63:36 - (35;20 + 8:50) =] 19;26 minutes, 
so AD 2 = 377:39. 

Therefore, by subtraction, BD 2 = 3667; 19, 

and BD = 60;34 minutes. 

And, by subtraction, GD 2 = 421,21 

and GD = 20;32 minutes. 

So, by subtraction, BG = 40;2 minutes. 

Therefore we will put, opposite the entry T 5 digits’ in the second table for lunar 
eclipses, in the fourth column ‘40;2 minutes’ for the immersion (which will 
again be the same for the emersion), and, in the fifth column, ‘20;32 minutes’ for 
half the duration of totality. 

In order to have a convenient way of obtaining the fraction of the difference 
[between values derived from the first and second tables] for positions of the 


H510 


H511 
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moon on the epicycle in between greatest and least distances ([which we do] by 
the method of sixtieths [of interpolation]), we have drawn up, below the above 
tables, another little table. This contains, as argument, the position [in 
anomaly] on the epicycle, and, [as function], the corresponding number of 
H512 sixtieths to be applied [as interpolation coefficient] in every case to the 
difference [between values] derived from 58 the first and second eclipse tables. 
We have already computed the amounts of these sixtieths for the table of the 
moon’s parallax [V 18]: they are set out in the seventh column [of that table], 
since the epicycle has to be taken at the apogee of the eccentre to represent [the 
situation at] syzygy. 

But most of those who observe the [weather] indications derived from eclipses 
measure the size of the obscuration, not by the diameters of the disks [of sun and 
moon], but, on the whole, by [the amount of] the total surface of the disks/ 9 
since, when one approaches the problem naively, the eye compares the whole 
part of the surface which is visible with the whole of that which is invisible. For 
this reason we have added to the above table yet another little table with 12 
lines and 3 columns. In the first column we put the digits from 1 to 12, where 
each digit represents nth of the diameter of each luminary, as in the actual 
eclipse tables. In the other two columns we put twelfths of the whole surface- 
area corresponding to these [linear digits], those lor the sun in the second, and 
those for the moon in the third. We computed these amounts onlv for the sizes 
[of the apparent diameter's] for the moon at mean distance, since very nearly 
the same ratio will result [at other distances], given so small a variation in the 
diameters. Furthermore, we assumed that the ratio of the circumference to the 
H513 diameter is 3;8,30 : 1, since this ratio is about half-way between 3 7 : 1 and 3 7 ?: 1, 

which Archimedes used as rough [bounds]. 60 

First, to represent solar eclipses, let [Fig. 6.5] the sun's disk be ABGD on 
centre E, and the disk of the moon at mean distance AZGH on centre 0, 
intersecting the sun’s disk at points A and G. Join BE0H, and let us suppose 
that i of the sun’s diameter is eclipsed. 

Thus ZD = 3 where diameter BD = 12, 
and the moon’s diameter, ZH 12;20 in the same units, according to the ratio 

15;40 : 16;40. 61 

H514 Hence E0 = [2 (12 + 12;20) - 3 =] 9; 10 in the same units. 

Therefore the circumferences of the disks are, according to the ratio 1 : 3;8,30, 


58 Reading ytvopEvcov for <paivop£vo>v (‘which appear from’) at H512,l. Although found in all 
Greek mss. and part of the Arabic tradition, the latter is without parallel in the Almagest, and must 
l>e replaced by a word like yivopfiviav (palaeographicallv close), or ouvayopEvcov . Cf. e.g. 
H384.21-2. tGV yivopEviov Siatpopffiv ek tffc 5£i>TEpa<; avwpaXicu;, H385.5-7, tcov aovayopEvtov 
UTtEpoxtov e»c rife . . . dv(i>|iaXLa<;. Is has ‘aliati tukraju’, which supports my emendation. 

^Although there is no reason to doubt Ptolemy’s statement, I know of no surviving ancient 
eclipse magnitude which is unambiguously given in these 'area digits’. 

^ Archimedes, ‘Measurement of the Circle’, ed. Heiberg I 232-42, tr. Heath 91-8. 
hl The sun’s radius is 0; 15.40° (p. 285). The moon’s radius at mean distance is the mean l)etween 
0; 15,40° and 0; 17,40°, i.e. 0; 16,40°. But Ptolemy has made a calculating error (cf. Manitius p. 
385 n. b) and Pappus, Rome [1 ] 1261): 12 x (16;40/15;40) ** 12;46, not 12;20. This affects the accuracy 
of every entry in the second column, but the results are so crudely rounded that it is of little 
imjxHtancc. 
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sun's circumference: 37;42 p 

moon’s circumference: 38;46 p . 

Similarly, since the product of the radius and the circumference is twice the 
area of the circle, the areas of the whole disks are: 

* sun’s area: 113;6 P , 

moon’s area: 119;32 p . 

With the above as given quantities, let the problem be to find the area of the 
surface enclosed by ADGZ, where the total area of the sun’s surface is 12 parts. 
Join AE, A0, GE, G0, and also draw perpendicular AKG. 

Now, where E0 = 9; 10 P , 

AE = EG = 6 P 1 , 

and A0 = ©G = 6;10 p J assurn P tlon - 
Furthermore, the angle at K is right. 

Therefore, if we divide (0A~ - AE 2 ), or 2;2, by E0, we will get (K0 - EK) as 
0:13i p .‘ i2 

Hence EK comes out to 4;28 p and K0 to 4;42 p . 

Therefore AK = KG « 4 P . 

Accordingly the area of triangle AEG = 17;52 p 
and the area of triangle A0G = 18;48 p . 

Furthermore, where diameter BD = 12 p and ZH = 12;20 p , AG = 8 P ; 
so where diameter BD = 120 p , AG = SCP, 
and where diameter ZH = 120 p , AG = 77;50 p . 

Therefore the corresponding arcs are: 

arc ADG = 83;37° of circle ABGD 
and arc AZG = 80;52° of circle AZGH. 


62 For ©A 2 - AK 2 = K0 2 , AE 2 - AK 2 = EK 2 ; subtracting, ©A 2 - AE 2 = K0 2 - EK 2 = 
(K© + EK) (K0 - EK) = E0 (K0 - EK). 

At H514,20 I read iy y' (with«A,D 2 , Is) Ibrlyy (I3;3'). Corrected by Rome[l]I 262 n. (3), whence 
Neugebauer in the 2nd edn. ot Manitius. 


H515 
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H516 


H517 


So, since the ratio of a circle to one of its arcs equals the ratio of the area of the 
whole circle to the area of the sector beneath that arc, 

area of sector AEGD = 26; 16 P where area of circle ABGD = 113;6 P , 
as was shown, 

and, in the same units, area of sector A@GZ = 26;51 p 
(for circle AZGH was shown to be 119;32 p ). 

And, in the same units, we showed that 
area of triangle AEG = 17;52 p 
and area of triangle A0G = 18;48 p . 

Therefore, by subtraction, area of segment ADGK = 8;24 p 
and area of segment AZGK = 8;3 P . 


Vm» orlfli* 


- lc.o^P —1 3 ior-n _ * irfip 

.«Vuvi\, aaa wi v-uv-iC — i 1 J,U 


Therefore where the area of the sun’s disk equals 12 p , 
the area of the eclipsed part*** li ? . 

This is the amount which we will enter in the above-mentioned table in the 
second column on the line with ‘3 digits’ [as argument]. 

Again, in the same figure [Fig. 6.5], to represent lunar eclipses, let the moon’s 
disk be ABGD, and the shadow’s disk at mean [lunar] distance AZGH, and, as 
before, let j of the diameter of the moon be eclipsed. 

Hence, where diameter BD = 12 p , the eclipsed section, ZD = 3 P . 

And, according to the ratio 2;36 : 1, 
the diameter of the shadow, ZH = 31; 12 p . 

Therefore EK0 comes to [i(12 + 31;12) - 3 =] 18;36 p . 

So the circumferences are as follows: 


moon’s disk: 37;42 p 

shadow's disk: 98;l p 

and the areas are: 

moon’s disk: 113;6 P 

shadow’s disk: 764;32 p . 

Here again, where E0 = 18;36 p , 

AE = EG = 6 p 1 l 

and A© = 0G = I5;36 p j by assum P tl0 "‘ 
t K0 - EK', = V ©A 2 - AE-) E0 = 11;8 P . 

So EK comes out to 3;44 p and K0 to 14;52 p . 

Hence AK = KG = 4;42 p . 

Accordingly. the area of triangle AEG = 17;33 p 
and the area of triangle A0G = 69:52 p . 

Furthermore, where diameter BD = 12 p and ZH = 31;12 p , AG = 9;24 p . 

So where diameter BD = 120 p , AG = 94 p , 
and where diameter ZH = 120 p , AG = 36;9 P . 

Therefore the corresponding arcs are: 

arc ADG = 103;8° of circle ABGD 
and arc AZG = 35;4° of circle AZGH. 

Therefore, by the previous argument, 

area of sector AEGD = 32;24 p where, as was shown, area of circle ABGD = 113;6 P 
and, in the same units, area of sector AG0Z = 74;28 p , 
since area of circle AZGH was shown to be 764;32 p . 
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And, as we showed, in the same units 
area of triangle AEG = 17;33 p 
and area of triangle A0G = 69;52 p . 

Therefore, by subtraction, area of segment ADGK = 14;51 p 
and area of segment AZGK = 4;36 p . 

So, by addition, the area enclosed by AZGD is 19;27 p 
where the area of circle ABGD is taken as 113;6 P . H513 

Therefore, where the area of the lunar disk is 12 p , 
the area comprised by its eclipsed section will be about 2t 5 p . 

This is the amount which we will enter in the above-mentioned table in the 
third, lunar, column, on the line with *3 digits’ [as argument]. 

The layout of the tables is as follows. 


8 . {Eclipse tables} 63 H519-22 

[See pp. 306-8.] 

9. [Detetmination oj lunar eclipses} 6 * H523 

Having set out the above as a preliminary’, we can predict lunar eclipses in the 
following manner. 

We set down the amounts in degrees, computed for the required opposition at 
the time of mid-syzygy at Alexandria, of the so-called anomaly, [counted] from 
the apogee of the epicycle, and the [argument of) latitude, [counted] from the 
northern limit. Having corrected the latter by means of the equation [of 
anomaly], we first enter with this corrected [argument ol] latitude into the 
tables for lunar eclipses. If it falls within the range of the numbers in the first two 
columns, we take the amounts corresponding to the argument of latitude in the 
columns for the [lunar] travel and the column for the digits [of magnitude] in 
both tables, and write them down separately. Then, with the anomaly as 


fti There are a number of individual errors in these tables, but it is not always certain which are 
due to corruption and which to Ptolemy's faulty computation. Certain scribal errors icorrected in 
the translation) are: 

Solar eclipse. least distance col. 4. arg. 90:0. Heiberg H519.20> prints this following most Greek 
mss.) as /. 7 k(3 o, i.e. 33:22,0. It was originally two entries, 33:20 .correctly computed) and 2:0. 
where the lirst represents the immersion, and the second the duration of totality (povtj), computed 
from the difference between lunar and solar radii, 17:40' and 15:40'. There is a reference to this on 
p. 296 (H501.23), but I suspect both that remark and the entry 2;0 here of being interpolations. 
Most Arabic mss. have just 33:20. 

Lunar eclipse, least distance col. 5, args. 89;8 and 90;52, read v(3 forx^ (27;42) at H521,27 (with 
D. Ar) and H521.31 (with Ar). Same col., for arg. 90;0. readier) u; foricri <; (28:6) at H521.29, with 
D,Ar. 

Lunar eclipse, col. 3, for a rg. 90;0, text has teXeia (all mss. except P, which has ‘21’). From the 
ratio shadow to moon of 2|1 : 1 one finds the maximum magnitude of a lunar eclipse as 21:36 digits 
in all cases. From Ptolemy’s interpolation method (cf. p. 296 n.53) one finds 21 ;36 at greatest 
distance and about 21;32 at least distance. 

h4 See HAMA 138-9 (with computed examples), Pedersen 234-5, and Appendix A, Example 11. 
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argument, we enter into the correction table, and take the corresponding 
number of sixtieths. We then take this fraction of the difference between the 
[two sets of] digits, [derived from] the two tables, which we wrote down, and 
also of the difference between the [two sets of] minutes of travel, and add the 
results to the amounts derived from the first table. If, however, it happens that 
the argument of latitude falls within the range of the second table only, we take [as 
H524 final result] the appropriate fraction (determined by the number of sixtieths 
found [from the correction table]) of the digits and minutes [of travel] 
corresponding [to the argument of latitude] in the second table alone. The 
number of digits which we find as a result of the above correction will give us the 
magnitude of the obscuration, in twelfths of the lunar diameter, at mid-eclipse. 

As for the minutes [of travel] resulting from the same correction, we always 
increase them by nth, to allow for the sun's additional motion [during the phase 
of the eclipse], and divide the result by the moon’s anomalistic [i.e. true] hourly 


tabu: for solar lclipsls 
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LUNAR ECLIPSES 


GREATEST DISTANCE 


LEAST DISTANCE 



4 

5 

1 2 

3 

4 

5 

Minutes 

of 

Immersion 

Hall 

Totality 

Arguments of 
Latitude 

Digits 

Minutes 

of 

Immersion 

Hall- 

Totality 


82 12 

277 48 

6 

82 42 

277 18 

7 

83 12 

276 48 

8 



0 

0 

0 

1 

19 

9 

2 

26 

45 

3 

32 

20 

4 

36 

53 

5 

40 

42 



99 48 260 12 

100 18 259 42 

100 48 259 12 
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Table of Correction 

Table for Magnitudes 
of Solar and Lunar [Eclipses] 

1 

2 

3 




Common 

Common 



[Areal 

[Areal 

Numbers 

Numbers 


[Linear] 

Digits 

Digits 

(Anomaly; 

(.Anomaly) 

Sixtieths 

Digits 

of Sun 

of Moon 

6 

354 

O' 21 

1 

oj 

oi 

12 

348 

0 42 

2 

1 

u 

18 

342 

1 42 

3 

lS 

2 is 

24 

336 

2 42 

4 

25 

3g 

30 

330 

4 1 

5 

3f 

4t 

36 

324 

5 21 

6 

45 

5} 

42 

310 

7 18 

7 

5i 

„ * 

04 

48 

312 

9 15 

8 

7 

8 

54 

306 

11 37 

9 

8\ 

9l 

60 

300 

14 0 

10 

95 

10 i 

66 

294 

16 48 

11 

iol 

lit 

—o 

288 

19 36 

12 

12 

i ^ 

78 

282 

22 36 




84 

276 

25 36 




90 

270 

28 42 




96 

264 

31 48 




102 

258 

34 54 




108 

252 

38 0 




114 

246 

41 0 




120 

I 240 

44 0 




126 

234 

46 45 




132 

228 

49 30 




138 

222 

51 39 




144 

216 

53 48 




150 

• 210 

55 32 




156 

204 

57 15 




162 

198 

58 18 




168 

192 

59 21 




174 

186 

59 41 




180 

180 

60 0 





motion at that point. 65 The results of the division will give us the duration of 
each phase of the eclipse in equinoctial hours: tfre result derived from the fourth 
column will give the duration of the immersion (and also that of the emersion 
likewise); and the result derived from the fifth column will give the duration of 
half of the totality. The times of entry and exit at beginning and end [of the 
various phases] can be derived immediately by adding or subtracting the 
individual durations to or from the time of the middle of totality, that is, 
approximately, the time of true opposition. We can also immediately find the 
area digits by entering with the digits of the diameter into the final small table 


tt5 This will already have been determined in the computation ofthe time of the true syzvgy (cf.p. 
282). 
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and taking the corresponding amount in the third column (and similarly for 
solar eclipses by taking the corresponding amount in the second column). 

Now reason informs us that the time interval from the beginning of an eclipse H525 
to its middle is not always equal to the time interval from mid-eclipse to the end, 
because of solar and lunar anomaly, the effect of 'which is that equal distances 
are covered [by the bodies] in unequal times. However, as far as the senses are 
concerned, no noticeable error with respect to the phenomena would result 
from supposing these intervals equal in time. For, even when [the luminaries] 
are near mean speed, where the change [in speed] resulting from an [equal] 
increment [in the argument] is greater [than elsewhere], the motion over the 
number of hours represented by the whole duration of [even] the maximum 
possible eclipse does not exhibit the least noticeable difference [in duration] due 
to the change [in speed]. 

Furthermore, we can [now] see, by examining the matter on the above basis, 
that we were quite right to reject as erroneous the period for the moon’s [return 
in] latitude which Hipparchus demonstrated. [As we saw, p. 207,] the 
increment [in argument of latitude] between the [two] eclipses which he set out 
appeared smaller according to his hypothesis, whereas according to our 
calculations it was found to be greater. 66 

To demonstrate his thesis [of the period of return in latitude], he chose two 
eclipses with an interval between them of 7160 [synodic] months, in both of 
which it happened that a quarter of the moon’s diameter was eclipsed, at the H526 
same distance from the ascending node. The first of these was observed in the 
second year of Mardokempad and the second in the thirty-seventh year of the 
Third Kallippic Cycle. 67 In order to demonstrate the return [in latitude], he 
makes the assumption that each eclipse exhibits the same position in mean 
argument of latitude, 68 on the grounds that the first eclipse occurred when the 
moon was at the apogee of the epicycle, and the second when it was at the 
perigee, and hence, he thought, the anomaly had no effect. However, his first 
mistake is in this very point, since there indeed was a considerable effect from 
the anomaly: the mean motion was greater than the true at both eclipses, [and] 
not by an equal amount, but by about 1° in the first eclipse, and? 0 in the second 
eclipse. Thus, in this respect, the period in latitude [between the two eclipses] 
falls short of an integer number of returns by g° of the moon’s orbit. 
Furthermore, he failed to take into account the effect of the lunar distance on 
the size of the obscuration, although the difference [due to this effect] was the 
greatest possible between [precisely] these eclipses, since the first occurred when 
the moon was at its greatest distance, and the second when it was at its least. For H527 


66 The increment in argument of latitude over the 211438* 1 23 h between the two eclipses 
mentioned below is, according to Hipparchus’ value for the mean motion, only about 3' beyond 
complete revolutions, but about 12' according to Ptolemy’s value. 

rt7 These are the eclipses of-719 Mar. 8 and -140 Jan. 27, bothof which have been used before; 
see IV 6 p. 191, IV 9 p. 208, and VI 5 p. 284, q.v. for details of the anomaly. See also, for the first, 
eclipse. Appendix A, Example 11. 

“Literally ‘the same position in latitude is comprised at each of the eclipses, from uniform 
[motion] (££ 6paXou)’. On the assumption that the moon was precisely at apogee and perigee of the 
epicycle, then (in Hipparchus’ simple lunar hypothesis) the true position of the moon coincides with 
the mean. 


tJ-VV 
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the same obscuration, of i [of the diameter], must necessarily result at a lesser 
distance from the ascending node at the first eclipse, and a greater distance at 
the second. We have shown that the difference between these distances comes to 
1 K 69 Hence, in this respect, the period of latitude exceeds an integer number of 
returns by that amount [1 i°]. Thus, with respect to the absolute error, the 
return in latitude would have been out by about two degrees (the sum of the 
[above] two errors), if it happened that the effect of both had been 
subtractive or additive. However, since one had the effect of falling short of a 
return and the other of exceeding a return, by a chance stroke of good luck 
(perhaps Hipparchus too noticed that these effects counterbalance each other 
somewhat) it turns out that the [motion in latitude] exceeds an [exact] return by 
only the difference between the [two] errors, [or] a third of a degree. 


10. {Determination of solar eclipses} 10 

Correct prediction of lunar eclipses can be achieved merely by the above, if the 
computations are carried out accurately in the way described. Solar eclipses, 
H528 however, with which we deal next, are more complicated to predict because of 
lunar parallax. We will do it as follows. 

We determine the number of equinoctial hours by which the time of true 
syzygy at Alexandria precedes or follows noon. Then, if the geographical 
position in question, [i.e.] that of the required place, is different [from that], i.e. 
if it does not lie beneath the same meridian as Alexandria, we add or 
subtract the difference in longitude between the two meridians, expressed in 
equinoctial hours, and [thus] decide how many hours before or after noon the 
true syzygy occurred at that place too. Then we determine, first, the time of 
apparent syzygy (which will be approximately the same as mid-eclipse) at the 
required geographical location, by applying the method of computing 
parallaxes which we explained previously [V 19], [as follows]. 

We enter the Table of Angles [II13] and the Table of Parallaxes [V 18], using 
[as arguments] the appropriate latitude, distance in hours from the meridian, 
point on the ecliptic where the conjunction occurred, and also distance of the 
moon. We thus find, first, the moon’s parallax along the great circle drawn 
through the zenith and the moon’s centre. We always subtract from this that 
solar parallax which is on the same line, and from the result determine, in the way 
H529 indicated, the component of parallax in longitude by itself which is computed 
by means of the angle we found [from the table] between the ecliptic and the great 
circle through the zenith. We always add to this [longitudinal parallax] the incre¬ 
ment of ‘epiparallax’ corresponding to the number of equinoctial hours 
represented by the longitudinal parallax. This epiparallax is determined as 
follows. We take the difference (as determined from the same table) between the 
parallax corresponding to the original zenith distance and the parallax 


“‘From 'table VI 8, moon, entries lor magnitude 3 digits: greatest distance, 0) = 80:42°, least 
distance, to = 79:30°; difference 1;12°. 

'“See Appendix A, Example 12. 
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corresponding to the zenith distance after the passage of the number of 
equinoctial hours [represented by the longitudinal parallax]. We take the 
longitudinal component of this by itself, plus an additional amount (if it is 
significant) which is the same fraction of the latter as the latter is of the original 
[longitudinal] parallax. 71 To the total parallax in longitude, computed in this 
way, we add rith of itself, to account for the additional motion of the sun, and 
convert the total to equinoctial hours by dividing it by the moon’s true hourly 
motion at the conjunction. If the longitudinal parallax we found is towards the 
rear [i.e. in the order] of the signs (we explained previously [p. 267Jhow to 
determine this), we subtract the amount in degrees which we had converted 
into equinoctial hours from the moon’s position, as previously determined, at 
the moment of true conjunction, in longitude, latitude and anomaly (each 
separately): this gives us the [corresponding] true positions of the moon at the 
moment of apparent conjunction, while the number of hours itself [resulting 
from the above computation] tells us by how much the apparent conjunction 
precedes the true. But if the longitudinal parallax we found is in advance [i.e. in 
the reverse order] of the signs, contrariwise, we add the amount in degrees to the 
position, as previously determined, at the moment of true conjunction, in 
longitude, latitude and anomaly (each separately); and the number of hour’s 
will give us the amount by which the apparent conjunction is later than the true. 

Next, using the same methods, we determine from the distance in equinoctial 
hours of the apparent conjunction from the meridian, first, what the moon s 
parallax is measured along the great circle through the moon,and the zenith. 
From the result we subtract the solar parallax for the same argument, and use 
this result to determine, as before, (by means of the angle formed between the 
circles [of ecliptic and altitude] at that moment), the latitudinal parallax [i.e. 
the parallax] along a circle orthogonal to the ecliptic. We convert the result to a 
distance along [the moon’s] inclined circle, i.e. we multiply it by 12. 72 If the 
effect of the latitudinal parallax is northwards with respect to the ecliptic, we 
add the result to the previously determined true position in [argument of] 
latitude at the moment of apparent conjunction when the moon is near the 
ascending node, but subtract it when the moon is near the descending node. 
Contrariwise, if the effect of the latitudinal parallax is southwards with respect 
to the ecliptic, we subtract the distance derived from the parallax from the 
previously determined position in [argument of] latitude at the moment of 
apparent conjunction, when the moon is near the ascending node, but add it 
when the moon is near the descending node. 

VVe thus obtain the amount of apparent [argument of] latitude at the 
moment of apparent conjunction. With this as argument, we enter the solar 
eclipse tables, and if our argument fails within the range of the numbers in the 

,l I.e. suppose the original longitudinal parallax to be lj: this gives us a correction to the time of 
conjunction (for the method of computing which see below), and hence a new zenith distance, 
which will lead to a new longitudinal parallax i 2 . Ptolemy’s rule is: form 1 2 - lj = e. Then the 
‘epiparaltax’ e' is given by e' = e + e (e/1,), and the final longitudinal parallax by 
1 = 1, + e' = 1, + (1? - 1,) + (I 2 ~ f i) 2 /l 1 - 

72 From Ptolemy’s earlier practice (e.g. VI 5 p. 286 with n.26) one would expect ‘Ilf, and 
this is indeed found in the Arabic tradition (Q, Ger). However, the crudity of the approximation to 
1/sin 5° is almost negligible whfn one considers that the latitudinal parallax is usually small. 


H530 


H53I 
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first two columns, we can say that there will be a solar eclipse, and that its 
middle coincides approximately with the moment defining apparent conjunc¬ 
tion. So we set down separately the amounts of the [magnitude in] digits and the 
minutes of immersion and emersion corresponding to the argument oflatitude, 
as derived from each of the two tables, then enter, with the distance of the moon 
in anomaly from the apogee [of the epicycle] at the apparent conjunction, into 
the table of correction, take the corresponding number of minutes, and take the 
corresponding fraction of the difference between each [pair of] results we wrote 
H532 down. In every case we add the result to the number derived from the first table. 
The digits found by this procedure give us, again, the amount, in twelfths of the 
sun’s diameter, which will be obscured at approximately mid-eclipse. We 
increase the minutes of travel [found by this procedure] for both [stretches, i.e. 
immersion and emersion] by 7 :th, to account for the sun's additional motion, 
and convert the result into equinoctial hours [by dividing] by the moon’s true 
[hourly] motion. Thus we have the length of both immersion and emersion: 
this, however, is on the assumption that the [change in] parallax has no effect on 
these time-intervals. 

Now there is in fact a noticeable inequality in these intervals, due, not to the 
anomalistic motion of the luminaries, 73 but to the moon’s parallax. The effect of 
this is to make each of the two intervals [immersion and emersion], separately, 
always greater than the amount derived by the above method, and, generally, 
unequal to each other. We shall not neglect to take this into account, even if it is 
small. This phenomenon is due to the fact that the effect of the parallax on the 
moon’s apparent motion is always to produce the appearance of motion which 
would be in advance (if one were to disregard the moon’s proper motion 
towards the rear). For suppose, first, that the moon’s apparent position is before 
[i.e. to the east of] the meridian: then, as it gradually rises higher [above the 
horizon], its eastward parallax becomes continually smaller than at the 
H533 moment preceding, and thus its motion towards the rear appears slower. Or 
suppose, secondly, that its apparent position is alter [i.e. to the west of] the 
meridian: then, again, as it gradually descends [towards the horizon], its 
westward parallax becomes continually greater than at the moment preceding, 
and thus, as before, its motion towards the rear appears slower. For this reason 
the intervals in question are always greater than those derived by the simple 
procedure described. Furthermore, the difference between successive parallaxes 
[at equal intervals of time] becomes greater as one approaches the meridian: 
hence those intervals [of immersion or emersion] which are nearer the meridian 
must necessarily become more drawn-out. For this reason, the only situation in 
which the time of immersion is approximately equal to the time of emersion is 
when mid-eclipse occurs precisely at noon, for then the appearance of motion in 
advance resulting from the parallax is about equal on both sides [of mid¬ 
eclipse]. But when mid-eclipse occurs before noon, then the interval of 
emersion is closer to themeridian and [thus] longer, while if mid-eclipse occurs 
after noon, then the interval of immersion is closer to the meridian and longer. 

So in order to correct the time-intervals for this effect, we [first] determine, in 

73 I.e. to the fact that the true speed of both sun and moon does not remain constant over the 
course of the eclipse. Cf. p. 309. 
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the way explained, the uncorrected length of each of the intervals in question, H534 
and the zenith distance at mid-eclipse. Suppose, for example, that each interval 
is 1 equinoctial hour, and the zenith distance 75°. In the Parallax Table [V 18] 
we look for the minutes of parallax corresponding to the argument 75° (for, e.g., 
the moon's greatest distance, for which one takes the entries in the third 
column). We find, corresponding to 75°, 52'. Since, by hypothesis, the time- 
intervals of both immersion and emersion, in the mean, is 1 equinoctial hour, or 
15 time-degrees, we subtract these 15° from the 75° of the zenith distance, and 
find the minutes of parallax in the same column corresponding to the resulting 
60°, [namely], 47'. Hence the displacement in advance resulting from the 
parallax at the (average) 74 position nearer the meridian comes to 5'. We also 
add the [15°] to the 75°, and find the minutes of total parallax corresponding to 
the resulting 90° in the same column, 535'. Thus here the displacement in 
advance resulting from the [parallax at] the position nearer the horizon is 1 5 '. 

We take the longitudinal components of these increments we have found, and 
convert each [separately] into a fraction of an equinoctial hour by means of the H535 
moon’s true motion, as described, and then add each result to the appropriate 
mean interval, calculated simply, of immersion or emersion; that is, we add the 
greater to the interval bounded by the position nearer to the meridian, and the 
lesser to the interv al bounded by the position nearer the horizon. It is obvious 
that the dilference between the two intervals in the above example is 3^', or 
about $th of an equinoctial hour, which is the time taken by the moon in mean 
motion to traverse that distance. 0 

There remains only the readily accomplished task, if we wish, of converting 
the time in equinoctial hours at each interval into the seasonal hours particular 
[to the given latitude and date], by the method explained in the earlier part of 
our treatise [II 9]. 


11. { On the angles of inclination at eclipses} 16 

The next topic is the examination of the inclinations' 7 which are formed at 
eclipses. This kind of investigation is based both on the inclination of the 

i4 p£crnv. If not an interpotation, this must mean, taking the position obtained bv applying the 
15° of the motion of the heavens in 1 hour directly to the zenith distance. In fact 15° is the maximum 
possible change in the zenith distance in 1 equinoctial hour. Cf. n.75. 

75 Ptolemy’s procedure here is, to say the least, crude. Instead of computing the actual zenith 
distances of the bodies at beginning and end of the eclipse, he simply applies the 15° of one hour’s 
motion of the heavens to the zenith distance at mid-eclipse. Finding the total parallax from the 
zenith distance, he applies it as if it were the longitudinal parallax. The procedure is perhaps 
explicable as illustrating the maximum possible effect of this factor: the longest possible solar eclipse is 
about 2 hours; to get the maximum parallactic difference between the two intervals we have to take 
the zenith distance as great as possible. Allowing 15° hourly motion (cf. n.74), 75° is the maximum 
zenith distance which permits the whole eclipse to be visible. The total parallax is the maximum 
possible value of the longitudinal parallax. To be consistent, however, Ptolemy should have taken 
the moon at least distance (for which the difference between parallaxes is greater), i.e. col 3 + col. 4 
in V 18. This would have given him corrections of 6' and 2', with a difference of 4' (still only ith of an 
hour). 

7b On Chs. 1U13 see HAMA 141-4. 

77 Or ‘directions’, 7tpoave6oei<;. For other uses of this word see p. 43 n.38 and p. 227 n.19. The 
purpose of computing these angles was presumably weather prediction: see HAMA II 999. 
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eclipsed part [of the body] to the ecliptic and on the inclination of the ecliptic 
itself to the horizon. Both of these angles, during the course of every eclipse 
H536 phase, undergo great changes as a result of the shift in position [of the bodies], in 
a way which could not be controlled if one wanted to undertake the task of 
computing the inclinations throughout the whole of the duration [of the 
eclipse], a superfluous task, since predictions on such a scale are not in the least 
necessary or useful. For, since the situation of the ecliptic relative to the horizon 
is determined from the position on the horizon occupied by its rising or setting 
points, the angle formed by the ecliptic at the horizon must necessarily change 
continuously during the course of an eclipse, as those points on the ecliptic 
which are rising or setting change continuously. Similarly, since the inclination 
of the eclipsed part [of the body] to the ecliptic is determined from the great 
circle drawn through the two centres, [i.e.] the centres of moon and shadow or 
the centres of moon and sun, it is, again, a necessary consequence of the motion 
of the moon's centre during the course of an eclipse that the circle through the 
two centres occupy a continuously varying position relative to the ecliptic, and 
[hence] that the angle formed at their intersection vary continuously. Therefore 
[the need for] this kind of examination will be satisfied if it is carried out only for 
those points in [the progress of] the eclipse which have some significance, and 
only roughly for the inclinations with respect to the horizon. [To achieve this 
kind of accuracy] people who actually observe the eclipse as it occurs could, 
H537 merely by eye, estimate the important inclinations by looking at the relative 
positions in both cases [at eclipse and horizon], since, as we said, a rough notion 
[of the amount] is sufficient in such matters. Nevertheless, not to pass over this 
topic altogether, we shall try to set out some ways of achieving the kind of result 
desired as conveniently as possible. 

The points in [the progress of] the eclipse which we too take into 
consideration as deserving to be thought significant are: 

[1] the point of the start of obscuration, which coincides with the very 
beginning of the whole eclipse; 

[2] the point of the completion of obscuration, which coincides with the 
beginning of the phase of totality; 

[3] the point of greatest obscuration, which coincides with the middle of 
totality; 78 

[4] the point of the start of emersion, which coincides with the end of the whole 
total phase; 

[5] the point of the completion of emersion, wTiich coincides with the end of the 
whole eclipse. 

The inclinations [with respect to the horizon] which we take into considera¬ 
tion as being more reasonable and more significant are those bounded by the 
meridian and also those bounded by the rising and setting points of the ecliptic 
at the equinoxes and at summer and winter solstices. As for the points bounding 


78 Reading T^xiq fev x£? p£OG> xpovto povt^<; Ywexai (with D,Ar) for rjxtc fcv x$ jieoto xpovw 
xrfc feKXeivj/eax; fivEU xtjs govfjq yivExat at H537, 12-13. The latter would mean ‘which coincides 
with the middle of the eclipse [for those eclipses] in which there is no total phase’. The interpolation 
is presumably the remains of a feeble attempt to list all possible cases. 
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the various ‘wind-directions’, 79 they may be understood in many different ways 
by many people; nevertheless, if desired, they can be indicated by means of the 
angles we set out along the horizon. 

Considering the intersections of meridian with horizon, let us make the H538 
following definitions: 

the northern intersection is the ‘northpoint’; 

the southern intersection is the ‘southpoint’. 

Considering the rising and setting [points of the ecliptic, let us make the 
following definitions]: 

the intersections of the beginning of Aries or Libra with the horizon are 
known as ‘equinoctial rising’ and ‘equinoctial setting’; these are always the 
same distance, [i.e.] a quadrant, from the point where the meridian intersects 
[the horizon]; 

the intersections of the beginning of Cancer [are known] as ‘summer rising’ 
and ‘summer setting’, and the intersections of the beginning of Capricorn as 
‘winter rising' and ‘winter setting'. 

The distances [from the meridian intersection] of these last [four] points vary 
according to the latitude in question. The inclinations are sufficiently 
characterised by saying that they are at one ol the above situations or between 
some pair of them. 

To enable one to determine the position of the ecliptic relative to the horizon 
for any given situation, we computed, by the method indicated in the first books 
of our treatise, 80 the distance along the horizon, at rising and setting, of the 
beginning of each zodiacal sign from the points where the equator intersects 
[the horizon, computing them] on either side of it [i.e. north or south]. YVedid 
this for each of those latitudes from Meroe to Borysthenes for which we [earlier] 
tabulated the angles [II 13]. To provide a means of readily surveying these. 81 
instead of a table, we drew a diagram [Fig 6.7] consisting of 8 concentric circles, 
conceived as lying in the plane of the horizon, to contain the [various] distances 
and nomenclature for the 7 climata. Then we drew two lines, at right angles to H539 

each other, through all the circles: a horizontal one representing the 
intersection of the planes of horizon and equator, and another, vertical one 
representing the intersection of the planes of horizon and meridian. On the 
innermost 82 circle we wrote, at the ends of the horizontal line ‘equinoctial rising’ 
and ‘equinoctial setting', and at the ends of the vertical line ‘north" and ‘south’. 
Similarly we drew [four] straight lines through all the circles at equa] 

79 Greek astronomy sometimes adopted the popular way of indicating the points of the compass 
by wind-names. These do not occur in the Almagest, except for ct7 rr|and XiV in VIII 4 to 
designate the general directions ‘east’ and ‘west’, and in the diagram Fig. 6.7, where they are a later 
interpolation in the mss., not mentioned in the text (see below n.82). On the systems of wind-names 
(which do indeed vary) see Rehm. Griechisch* Wmdrosen. 

80 II 2 p. 77. 

81 Kata to euOfitDpriTOv. One would rather expect 8ia to eu6e(6pr|TOV, which is implied by Ishaq’s 
translation. 

82 In the figures in the Greek mss. these designations are on the outermost circle; hence Heiberg(at"' 

H539.7; cl. ibid. p. VI) emended tvxd$, the reading of ail mss., to£»crd<; (‘outermost’). But in- the 
Arabic tradition thev do appear, all or in part, on the inmost circle, and it seems likely that they 
were transferred to the outermqjt circle when the names of the winds were (after Ptolemy) added in 
the inmost circle (cf. above n.79). 


H540 
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inclinations either side of the equator [i.e. the horizontal iine], and wrote along 
these, in the seven interlinear spaces, the horizon distance of thesolsticial point 
from the equator which we found for each latitude (in units where one quadrant 
contains 90°). At the ends where these lines meet the inmost circle we wrote, Tor 
the southern ones, ‘winter rising* and ‘winter setting, and for the northern ones, 
‘summer rising’ and ‘summer setting’. To indicate the signs in between 
[equinoxes and solstices] we inserted two more lines in each of the four segments, 
and [wrote] along these the horizon distance from the equator of [the beginning 
of] the appropriate zodiacal sign, adding the name of each sign on the 
outermost circle. We also wrote, along the meridian line, for [each] parallel, its 
name, the length [of the longest day] in hours, and the elevation of the pole. In 
writing in [the data for all of the above], we began with the largest, outermost 
circle for the northernmost data, [and so on]. 8:1 

In order to have tabulated the apparent inclinations of the actual phases to 
the ecliptic, i.e. the angles formed between the ecliptic and the great circle 
joining the centres in question at each of the significant points mentioned 
above, we computed these too, for [successive] positions of the moon 
corresponding to a difference of 1 digit in obscuration. However, we did this 
only for lunar positions at mean distance (since that is sufficient), and under the 
assumption that those arcs of the ecliptic and the moon s inclined circle which 
we consider for the obscurations are sensibly parallel to each other. 

For example, let [Fig. 6.6] line AB represent the arc of the ecliptic, with A as 
the centre of the sun or the shadow, and let line GDE represent the moon's 
inclined circle, with G as the point at which the moon’s centre is at eclipse 
middle, and D as the point at which the centre is when it is just totally eclipsed 
or just about to begin emerging from totality (i.e. when the moon is internally 
tangent to the circle of the shadow). Let E be the point at which the moon's 



83 On this figure see HAMA 38-9. As Ptolemy drew it, it is, as he says, a schematic representation 
of a table. But it closely resembles a representation in polar coordinates. If it were truly such, 
however, all the straight lines except the horizontal and vertical ones would become curves (see 
HAMA p. 1216 Fig. 32). I have omitted the wind-names found in' the Greek and some Arabic 
mss., and in Heiberg’s figure. Cf. p. 315 n.82. The figure is on p. 320. 

Correction to Heiberg: for the latitude of Clima VI read pe a (with AD, Is) lor p£ A.5 (45;34°). 
Corrected by Heiberg ad loc. 
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centre is when either sun or moon is just beginning to be eclipsed or has just 
completed emersion (i.e. when the circles are externally tangent). Join AG, AD, 
AE. 

It is obvious that angles BAG and AGE, which c orrespond to the time of mid- 
eclipse, are right angles to the senses, and that Z BAE represents the angles at 
the beginning and end of the eclipse, while Z BAD represents the angles at the 
end of [the partial phase ol] the eclipse and at the beginning of emersion. And it 
is immediately clear that AE represents the sum ol' the radii ol both circles, and 
AD their difference. 84 

Then let us take as an example an eclipse in which half the sun’s diameter is 
obscured at mid-eclipse. Let A be the sun’s centre. Then in all cases (since we 
assume the moon at mean distance) AE comes to [0; 15,40° + 0; 16,40° =] 
0;32,20°, and AG. which is less than that by half the sun’s diameter, comes to 
0:16,40° 

Therefore, since AG = 16:40 p where hypotenuse EA = 32:20 p 
(according to the magnitude of obscuration assumed), 
where hypotenuse AE = 120 K 

AG = 61;51 P , 

and, in the circle about right-angled triangle AGE 
arc AG = 62:2°. 

62:2°° where 2 right angles = 360°° 

31:1° where 4 right angles = 360° 

Again, to take the case of a lunar eclipse, let A be the centre of the shadow. 
Then, since, as before, we assume the moon at mean distance, AE will always be 
the same amount, namely [0:43,20° + 0:16.40°=] 60 minutes, and AD, likewise, 
will always be [0:43,20° - 0:16,40° =] 26:40 minutes. Let the moon be eclipsed 
in a situation such that the magnitude is 18 digits. Thus AG is again less than 
AD by half the diameter [of the moon] 8 '’ and, by subtraction [of 16:40' from 
26:40'], AG comes to 10;0 minutes. 

Then, where hypotenuse AE = 120 p . AG = 20;0 P , 
and, in the circle about right-angled triangle AGE. 

arc AG = 19:12°. 

19:12°° where 2 right angles = 360°° 

9:36° where 4 right angles = 360°. 

Similarly, where hypotenuse AD = 120 p . AG = 45 p , 
and, in the circle about right-angled triangle AGD. 
arc AG = 44;2°. 

. 7 * nr / o A n -I 44;2 °° where 2 ri S ht angies = 360 °° 

.. ^ ^ D*L> - ^ 22 . 10 where 4 right angles = 360 o 

In the same way we computed the sizes of the angles for the other [integer] 
digits [of magnitude], [always taking] that angle which was less than a right 
angle, in units where one right angle equals 90° (corresponding to the 
graduation of the quadrant of the horizon). We constructed a table with 22 lines 


Z AEG = Z BAE = 


H542 


H543 


84 Cf. HAMA Fig. 124 p. 1244. 

8S See Fig. M (copied from the figure on p. 409 of Manitius). Since the eclipse has a magnitude of 
18 digits, bv definition XY = 6 1 = radius of moon. Therefore AX = AY - XY = radius of shadow 
minus radius of moon = AD. Therefore AG = AX - XG = AD minus radius of moon. 
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VI13. Computation of angle of inclination from table 



Y 

Fig. M 


and 4 columns. The first column contains the digits of actual obscuration, 
measured along the diameter, found for mid-eclipse; the second contains the 
angles occurring at solar eclipses at the moment of the beginning of the eclipse 
and the moment of the end of emersion; the third contains the angles occurring 
at lunar eclipses at the moments of the beginning of the eclipse and of the end of 
emersion; and the fourth also contains the angles occurring at lunar eclipses, at 
the moment of the end of [the partial phase of) the eclipse and the moment of the 
beginning of emersion. The layout of table and circle [diagram] are as lollovvs. 


H544 


12. {Display of diagrams for the inclinations] 66 
[See pp. 319,320.] 


H545 13. {Determination oj the inclinations } 

Thus, as a preliminary, we determine, by the method explained [VI9-10], the 
time ol each significant point [in the eclipse] listed above, and, from the times, 
those points on the ecliptic which are rising and setting at those moments, and, 
from the diagram [Fig. 6.7], the situation [of ecliptic] with respect to the 
horizon. Then, when the centre of the moon (the apparent centre at solar 
eclipses and the true centre at lunar eclipses) is exactly on the ecliptic, we get the in¬ 
clination for a solar eclipse at the beginning of the eclipse, and the inclination for 


86 Corrections to Heiberg: 

Arg. 4 digits, col. 3, read v6 X8 for v8 ic£ (54;27°) at H544,13. All mss. have the incorrect reading, 
but it is obviously repeated in error from the line above. 

Arg. 14 digits, col. 4, read vf} tea for vP k6 (52;24°), with D,Ar, at H544,23. 




VI12. Table of angles of inclination at eclipses 


319 


1 

2 

3 

4 


Sun 

Moon 

[Moon] 


Beginning 

Beginning 

End of Partial 


of Eclipse 

of Eclipse 

Phase and 


and End of 

and End of 

Beginning of 

Digits 

Emersion 

Emersion 

Emersion 

0 




1 

66 50 



2 

56 59 



3 

49 16 

59 27 


4 

42 36 

54 34 


5 

36 35 

50 14 


6 

31 1 

46 15 


7 

25 46 

42 31 


8 

20 44 

39 2 


9 

15 51 

35 42 


10 

11 6 

32 29 


11 

6 25 

29 23 


12 

1 47 

26 23 

90° 0 

13 


23 28 

63 37 

14 


20 36 

52 21 

15 


17 48 

43 26 

16 


15 1 

35 41 

17 


12 18 

28 38 

18 


9 36 

22 1 

19 


6 55 

15 43 

20 


4 15 

9 36 

21 


1 36 

3 35 


a lunar eclipse at the end of the partial phase and also at the end of emersion, from 
the situation on the horizon of the point of the ecliptic setting at the moment in 
question; we get the inclination for a solar eclipse at the end of the eclipse, and 
the inclination for a lunar eclipse at the beginning of the eclipse and the 
beginning of emersion [i.e. end of totality], from the [horizon situation] of the 
rising-point of the ecliptic. When the moon's centre is not exactly on the 
ecliptic, we take from the table the angles corresponding to the relevant 
magnitude [of the eclipse] in digits, and apply those angles to the intersection of 
horizon and ecliptic. If the moon's centre is north of the ecliptic, we set olfthe 
angle to the north of the setting-point for eclipse-beginning in solar eclipses and 
for the end of the partial phase in lunar eclipses; we set it off to the north of the 
rising-point for the end of emersion in solar eclipses and the beginning of 
emersion in lunar eclipses; furthermore we set it off to the south of the rising- 
point for eclipse-beginning in lunar eclipses, and to the south of the setting- 
point for eclipse-end in lunar eclipses. If the moon’s centre is south of the 
ecliptic, we set the angle ofl to the south of the setting-point for eclipse-*, 
beginning in solar eclipses and for end of the partial phase in lunar eclipses; to 
the south of the rising-point for the eclipse-end in solar eclipses and for the 
beginning of emersion m lunar eclipses; to the north of the rising-point for 


H546 





VI12. Horizon diagram 


MiAJA 


eelip.se-beginning in lunar eclipses; and to the north of the setting-point for 
eclipse-end in lunar eclipses. The result of this procedure will give us the point on 
the horizon towards which (speaking roughly, as we said;, are inclined those 
points of the luminaries comprising the significant [moments of the phases], 
namely the beginning and end of eclipse and of total phase. 8 ' 


87 Literally "the beginnings and ends of the eclipse and emersion’, i.e. beginning of eclipse, end of 
partial phase (= beginning of totality), beginning of emersion (= end of totality), end of emersion. 







Book VII 


1. { That the fixed stars always maintain the same position relative to each other) 1 H2 

In the preceding part of this treatise, Syrus, we discussed the phenomena 
associated with sphaera recta and sphaera obliqua, and also the details of the 
hypotheses for the motions of sun and moon and the combinations of positions 
which are seen to result from them. Now. to deal with the next part of the 
theory, we shall begin discussing the stars, and first, in accordance with the 
logical order, the so-called fixed stars. 

First of all we must make the following introductory point. Concerning the 
terminology we use, in as much as the stars themselves patently maintain the 
formations [of their constellations] unchanged and their distances from each 
other the same, we are quite right to call them ‘fixed’; but in as much as their 
sphere, taken as a whole, to w'hich they are attached, as it were, as they are 
carried around, also [like the other spheres] has a regular motion of its own 
towards the rear and the east with respect to the first [daily] motion, 2 it wouid 
not be appropriate to call this [sphere] too ‘fixed’. For we find that both these 
statements are true, at least on the [observational] basis afforded by the amount 
of time [preceding us]: even before this Hipparchus conceived of both these 
notions on the basis of the phenomena available to him, but under conditions 
which torced him, as far as concerns the effect over a long period, to conjecture 
rather than to predict, since he had found very few observations of fixed stars H3 
before his own time, in fact practically none besides those recorded by Aristyllos 
and Timocharis, and even these were neither free from uncertainty nor 
carefully worked out; but we too come to the same conclusions by comparing 
present phenomena with those of that time, but with more assurance, both 
because our examination is conducted [with material taken] from a longer 
time-interval, and because the fixed-star observ ations recorded by Hipparchus, 
w hich are our chief source for comparisons, have been handed down to us in a 
thoroughly satisfactory form. 

First, then, no change has taken place in the relative positions of the stars 
even up to the present time. On the contrary, the configurations observed in 

1 On. chs. 1 and 2 sec Pedersen 237-45. 

2 Note that the motion which in modern terminology is‘precession of the equinoxes’ (i.e. a motion 
in the direction of decreasing longitudes of the tropical points with respect to the fixed stars) is 
described by Ptolemy as a motion of the fixed stars with respect to the tropical points in the direction 
of increasing longitudes. This accords with his taking the tropical points as the primary reference 
points (III 1 p. 132). Hipparchus, however, seems at times to have adopted the modem convention, 
to judge from the title of his work ‘On the displacement of the solsticial and equinoctial points' (III 1 
p. 132 and VII 2 pp. 327 and 329). 
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VIII. Hipparchus on precession of zodiacal stars 

Hipparchus’ time are seen to be absolutely identical now too. This is true not 
only of the positions of the stars in the zodiac relative to each other, or of the 
stars outside the zodiac relative to other stars outside the zodiac (which would 
[still] be the case ifonly stars in the vicinity of the zodiac had a rearward motion, 
as Hipparchus proposes in the first hypothesis he puts forward); but it is also 
true of the positions of stars in the zodiac relative to those outside it, even those 
at considerable distances. This can easily be seen by anyone who is willing to 
make an inspection of the matter and examine, in the spirit of love of truth, 
R4 whether present phenomena agree with those recorded for Hipparchus’ time. 

In any case, to provide a convenient test of the matter, we too will adduce 
here a few of his observations, [namely] those which are most suitable for easy 
comprehension and also for giving an overview of the whole method of 
comparison, by showing that the configurations formed by stars outside the 
zodiac, both with each other and with stars in the zodiac, have been preserved 
unchanged. 3 4 

Stars in Cancer. [Hipparchus] records that the star in the southern claw of 
Cancer [a Cnc], the bright star which is in advance of the latter and of the head 
of Hydra [(3 Cnc], and the bright star in Procyon [a CMi] lie almost on a straight 
line. 3 For the one in the middle lies 1? digits 5 to the north and east of the 6 
straight line joining the two end ones, and the distances [from it to each of them] 
are equal. 

Stars in Leo. [He records] that the easternmost two [p, e Leo] of the four stars in 
the head of Leo [p, £, K, X], and the star in the place where the neck joins [the 
head] of Hydra [co Hya], lie on a straight line. 7 Also, that the line drawn 
through the tail of Leo [p] and the star in the end of the tail of Ursa Major [r\ 
H5 UMa] cuts off the bright star under the tail of Ursa Major [a CVn] 1 digit to the 
west [i.e. passes 1 digit to the east of it]. 8 Similarly, [he records] that the line 
through the star under the tail of Ursa Major and the tail of Leo passes through 
the more advanced of the stars in Coma [Berenices]. 9 

3 In the following lists I give in brackets the modern designation ofthe stars in question, when the 
identification is reasonably certain, and, in footnotes, the equivalent in Ptolemy’s catalogue. 
Several of the stars mentioned by Hipparchus are not recorded in that catalogue, and his 
descriptions of those that are often differ from Ptolemy’s. In Ptolemy’s own alignments which 
follow, the descriptions also vary somewhat from the catalogue. The alignments are discussed in 
detail by Manitius, ■Fixstembeobachtungen’. 

4 Catalogue XXV 6 and 9 and XXXIX 2. Like Manitius, I do not understand ‘to the north and 
east’. In the given situation, the only possible deviation is to the north-west or the south-east. I 
calculate that in Hipparchus’ time it was about 5' to the north and west. 

s The ‘digit’ (SdicmXcx;) and ‘cubit’ »see p. 323) as astronomical measurements were taken 

by Hipparchus from Babylonian astronomy (in the Almagest they are found only in the Babylonian 
observations IX 7, pp. 452-3, and XI 7, p. 541, and in passages derived from Hipparchus). 
The cubit in Babylonian astronomy can represent either 2]° or 2° (the latter normal in the 
Hellenistic period: see HAMA II 591-93). Strabo, 2.1.18, quotes data from Hipparchus in which 
the 2° norm is certain. It is also found in Hipparchus’ commentary on Aratus, where Vogt, 
‘WiederhersteUung’, col. 30, argued for the 24° norm. In the passage below, a 2° cubit produces a 
smaller error in the estimated distance (inaccurate in either case). The ‘digit’ in Babylonian 
astronomy is Ath of the 2° cubit or &th of the 24° cubit, 5' in either case. 

6 Reading xffg fortTjv (misprint in Heiberg) at H4, 14. 

7 Catalogue XXVI 3 and 4 and XLI 6. 

“Catalogue XXVI27, II27 and II28. By my calculation, the line passed more like half a degree 
to the east of a CVn. 

9 The latter are probably catalogue XXVI 33 and 34, doubtfully identified as 15 and 7 Com. 
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VII1 . Hipparchus' star alignments 

Stars in Virgo . [He records] that between the northern foot of Virgo [p Vir] 
and the right foot of Bootes [£ Boo] 10 lie two stars; the southern one of these [109 
Boo], which is equally bright as the [right] foot of Bootes, lies to the east of the 
line joining the feet, while the northern one [31 Boo], which is half-bright, lies 
on a straight line with the feet. Furthermore, of these two stars, the half-bright 
one is preceded by two bright stars, which form, together with the half-bright 
one, an isosceles triangle of which the half-bright one is the apex. 11 These [two 
bright stars] lie on a straight line with Arcturus [a Boo] and the southern foot of 
Virgo [X Vir]. 12 Also, that between Spica [a Vir] and the second star from the 
end of the tail in Hydra [y Hya] 13 lie three stars, all on one straight line [57,63,69 
Vir]. 14 The middle one of these [63] lies on a straight line with Spica and the 
second star from the end of the tail in Hydra. 

Stars in Libra. [He records] that the star [p Ser] which is very nearly on a 
straight line towards the north with the [two] bright stars in the claws [a, P Lib] 
is bright and triple: for on both sides of it lie single small stars [36,30 Ser]. 15 

Stars in Scorpios. [He records] that the straight line drawn through the 
rearmost of the stars in the sting of Scorpius [X Sco] and through the right knee of H6 
Ophiuchus [rj Oph] bisects the interval between the two advance stars in the 
right foot of Ophiuchus [36,0 Oph] 16 and that the fifth and seventh joints [in the 
tail of Scorpius, 0, k Sco] lie on a straight line with the bright star in the middle 
of Ara [a Ara]. 17 Furthermore, that the northernmost star [a] of the two in the 
base of Ara [a, 0] 18 lies between and almost on a straight line with the fifth joint 
and the star in the middle of Ara, being almost equidistant'from both. 

Stars in Sagittarius. [He records] that to the east and south of the Circle under 
Sagittarius [i.e. of Corona Australis] lie two bright stars [a, P Sgr], quite some 
distance (about 3 cubits) from each other. 19 The southernmost and brighter of 
these [P], which is on the foot of Sagittarius, lies very nearly on a straight line 
with the midmost [a CrA] of the three bright stars in the Circle (which lie 
furthest towards the east in that [constellation]) [y, a, P CrA], and with the 
rearmost [£ Sgr] of the [two] bright stars [£, o Sgr] at opposite angles of the 
Quadrilateral [in Sagittarius, x, 0, cp]: the two intervals [between these three 
stars] are equal. The northernmost [of the two stars to the east of the Circle, a 
Sgr] lies to the east of this straight line, but is on a straight line with the,[two] 
bright stars [£, 0 ] at opposite angles of the Quadrilateral. 20 


10 Catalogue XXVII 26 and V 19. 

11 Manitius identifies these two stars as nos. 43 and 46 of Bootes in the catalogue of Heis (Koln, 
1872). I have not tracked these down in a more recent catalogue, since any identification seems 
utterly uncertain. 

t2 Catalogue V 23 and XXVII 25. 

13 Catalogue XXVII 14 and XLI 24. 

14 This seems preferable to Manitius’ identification (61, 63, 69). 

15 The first three are catalogue XIV 11 and XXVIII1 and 3. My identification of the ‘triple star’ 
is far more likely than Manitius’ a Ser plus k. 29 Ser. 

16 Catalogue XXIX 20 and XIII 12, 14 and 15. 

17 Catalogue XXIX 17 and 19 and XLVI 3. 

18 Catalogue XLVI 1 and 2. 

^Catalogue XXX 24 and 23. On the cubit see p. 322 n.5. 

20 The equivalents in Ptolemy’s catalogue are: a, 0 Sgr XXX 24,23; y, a, p CrA: XLVII8,7, 6; 
t, a, q> Sgr XXX 22, 21,43, 7 (not described as a quadrilateral). 
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VII 1 . Hipparchus' star alignments 

Stars in Aquarius. [He records] that the two stars close together in the head of 
Pegasus [0, v Peg] and the rear shoulder of Aquarius [a Aqr] are almost on a 
H7 straight line, 21 to which the line from the advance shoulder of Aquarius [p Aqr] 
to the star in the cheek of Pegasus [e Peg] is parallel. 22 Also, that the advance 
shoulder of Aquarius [p], the bright star [£ Peg] of the two in the neck of Pegasus 
[C. 5], and the star in the navel of Pegasus [a And] lie on a straight line, with 
equal intervals between them. 23 Furthermore, that the line through the muzzle 
[e] of Pegasus and the easternmost [r| Aqr] of the four stars in the vessel [of 
Aquarius, q, £, 7t, y] 24 bisects, almost at right angles, the line through the two 
stars [0, v] close together in the head of Pegasus. 

Stars in Pisces. [He records] that the star [P Psc] in the snout of the southern¬ 
most Fish [of Pisces], the bright star in the shoulders of Pegasus [a Peg], and the 
bright star in the chest of Pegasus [P Peg] lie on a straight line. 25 

Stars in Aries. [He records] that the advance star [P Tri] in the base of 
Triangulum lies I digit to the east of the straight line drawn through the star in 
the muzzle of Aries [a Ari] and the left foot of Andromeda [y And]. 26 Also, that 
the most advanced of the stars in the head of Aries [j$, y Ari] and the midpoint of 
the base of Triangulum [i.e. halfway between P and y Tri] lie on a straight 
line. 27 

Stars in Taurus. [He records] that the [two] easternmost stars of the Hyades [a, 
e Tau] and that star [7t l Ori] in the pelt held in Orion’s left hand which is sixth, 
counted from the south, lie on a straight line. 28 And that the line drawn through 
H8 the advance eye of Taurus [e Tau] and the seventh star from the south in the 
peit [o” Ori] cuts off the bright star in the Hyades [a Tau] I digit to the north. 29 

Stars in Gemini. [ He records] that the heads of Gemini [a, P Gem] lie on a 
straight line with a certain star [£ Cnc] which lies to the rear of the rearmost 
head by a distance three times that between the heads, and that the same star 
also lies on a straight line with the [two] southernmost [0,5 Cnc] of the four stars 
[0, 5, y, q] round the nebula [Praesepe]. 30 

In these alignments, and similar alignments which enable us to carry out 


21 Catalogue XIX 15 and 16 and XXXII 2. 

22 Catalogue XXXII 4 and XIX 17. 

24 Catalogue XIX 11, 12 and 1. 

24 Catalogue XXXII 12, 11. 10. 9. 

25 Catalogue XXXIII 1 and XIX 4 and 3. 

20 Catalogue XXI 2, XXII 14 and XX 15. Using the coordinates for these 3 stars computed by 
Peters-Knobel pp. 81-2) for the time oi Hipparchus, I find |3 Tri well over a degree to the east of the 
line connecting a Ari and y And. There is no doubt aixnit the identification of the stars. 

27 Catalogue XXII2 and 1 and XXI2 and 4.1 have dubiously adopted Manitius’ identifications 
here. However, it seems possible that by ‘the midpoint of the base of the triangle’ Hipparchus may 
have been referring to the star 5 Tri. This lies approximately on a straight line with X and 0 Ari. 
While y Ari is ‘more advanced’ than either of these, Hipparchus may, like Ptolemy, have put that 
‘on the horn’ rather than ‘in the head’. X Ari is not included in Ptolemy’s catalogue. 

28 Catalogue XXIII 14 and 15 and XXXV 20. Ptolemy counts the stars in the pelt from the 
opposite direction, the north. 

29 Catalogue XXIII 15, XXXV 19 and XXIII 14. Manitius identifies the first star with 5 Tau, 
but not only is this discrepant from Ptolemy’s catalogue, but it produces a deviation from the lineof 
about 1° to the north, whereas, if one takes the line frome Tau too 2 Ori, a Tau lies about 8' to the 
north, in good agreement with the equivalence, 1 digit = 5'. 

30 Catalogue XXIV 1 and 2; XXIV 25; XXV 3, 5, 4, 2; and XXV 1. 
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VII1. Ptolemy's star alignments 

comparisons practically throughout the sphere [of the fixed stars], we see that 
no change has occurred up to the present time. Yet very noticeable changes 
would have occurred in the 260 or so years between [Hipparchus and now] if 
the stars near the ecliptic were the only ones to perform an eastward motion. 

But, in order to provide those who come after us with a means of comparison 
over a longer interval [than was possible for us], from an even larger number of 
alignments of the above kind, we shall add the most easily recognisable from 
among those which we have observed but which were not previously recorded. 

We begin from the 

Stars in Aries. The two northernmost [a, 3 Ari] of the three stars in the head of 
Aries [a, 3, y] and the bright star in the southern knee of Perseus [£ Per] and the H9 
star called Capella [a Aur] lie on a straight line. 31 

[.Vtatt in Taurus.] The line drawn through the star called Capella [a Aur] and 
the bright star in the Hyades [a Tau] cuts off 32 the star in the advance leg of 
Auriga [t Aur] a little to the east. 33 Also, the star called Capeila [a Aur], the star 
which is common to the rearmost foot of Auriga and the tip of the northern horn 
of Taurus [3 Tau], and the star in the advance shoulder of Orion [y Ori] lie on a 
straight line. 34 

[Stars in Gemini.] Furthermore, the [two] bright stars in the heads of Gemini 
[a, 3 Gem] and the bright star in the neck of Hydra [0 Hya] lie very' nearly on a 
straight line. 35 

[Stars in Cancer. \ Furthermore, the two stars close together in the front leg of 
Ursa Major [t, K UMa], the star on the tip of the northern claw of Cancer [t 
Cnc], and the northernmost of the [two] ‘Aselli’ [y Cnc] lie on a straight line. 36 
Similarly, the southern Asellus [8 Cnc], the bright star in Procyon [a CMi], and 
the bright star between them (which is in advance of the head of Hydra) [3 
Cnc]), lie almost on a straight line. 37 

[Stars in Leo.] Furthermore, the straight line drawn from the midmost star [y 
Leo] of the [three] bright stars in the neck of Leo [£, y, r\] to the bright star in 
Hydra [a Hya] cuts off the star on the heart of Leo [a Leo] a little to the east. 38 
The [line] from the bright star in the rump of Leo [5 Leo] to the bright star [y 
UMa] in the back of the thigh of Ursa Major (which is the southernmost star on H10 
the rear side of the quadrilateral), cuts off, a little to the west, the two stars which 
are close together in the rear paw of Ursa Major [v, £ UMa]. 39 

[.SVarj in TtYgo.] Furthermore, the line from the star in the back of the thigh of 


31 Catalogue XXII 14. 2. I: XI 23: and XII 3. 

32 Reading artoXappavei (with DG) for XapPavei at H9, 4. Corrected by Manitius and by 
Heiberg himself (Op. Min. p. XIV). 

33 Catalogue XII 3, XXIII 14 and XII 10. 

34 Catalogue XII 3, XII II and XXXV 3. 

35 Catalogue XXIV 1 and 2 and XLI 7. 

36 Catalogue II12 and 13 and XXV' 7 and 4. The identifications are certain, but the line through i 
and K UMa passes far to the east ofy and i Cnc, both now and (according to the coordinates of 
Peters-Knobel) in Ptolemy's time. I have not computed whether modem proper motions suffice to. 
account for this discrepancy. If Ptolemy had written ‘the northernmost of the two stars close 
together’ the alignment would be more plausible. 

37 Catalogue XXV 5, XXXIX 2 and XXV 9. 

38 Catalogue XXVI 5, 6 , 7 g, y, X) Leonis); XLI 12; and XXVI 8. 

39 Catalogue XXVI 20, II 19, II 23 and 24. 
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VIII. Ptolemy's star alignments 

Virgo K V* r ] to the second star from the tip of Hydra’s tail [y Hya] cuts off the 
star called Spica [a Vir] a little to the west. The line from Spica to the star in the 
head of Bootes [P Boo] cuts offArcturus [a Boo] a little to the east. Spica and the 
[two] stars on the wings of Corvus [5, y Crv] lie on a straight line. Spica, the star 
in the back of Virgo’s thigh [£ Vir], and the northernmost, bright star [q Boo] of 
the three in the advance knee of Bootes [r|, x, o] lie on a straight line. 40 

[Stars in Libra.] Furthermore, the [two] bright stars in the claws [a, p Lib] and 
the star on the tip of Hydra’s tail [rc Hya] are very nearly on a straight line. The 
bright star in the southern claw [a Lib], Arcturus [a Boo], and the midmost [£ 
UMa] of the three stars in the tail of Ursa Major [e, £, q] lie on a straight line. 
The bright star in the northern claw [P Lib], Arcturus [a Boo], and the star in 
the back of the thigh of Ursa Major [y UMa] lie on a straight line. 41 

[Stars in Scorpius.] Furthermore, the star on the rear shin of Ophiuchus [^ 
Oph], the star in the fifth tail-joint of Scorpius [0 Sco], and the more advanced 
[u] of the two stars close together in its sting [L, u J lie on a straight line. The most 
advanced [a] of the three stars in the breast of Scorpius [a, a, x], and the two 
HI 1 stars in the knees of Ophiuchus [q,£ Oph], form an isosceles triangle, the apex of 
which is the most advanced of the three stars in the breast. 42 

[Stars in Sagittarius. ] Furthermore, the star on the front, southern hock of 
Sagittarius (which is of second magnitude) [p Sgr], the star on the arrow-head 
[? Sgr], and the star in the rear knee of Ophiuchus [q Oph] lie on a straight line,. 
The star [a Sgr] in the knee of the same [front] leg of Sagittarius (which lies near 
Corona [Australis]), the star on the arrow-head [y Sgr], and the star in the 
advance knee of Ophiuchus [£ Oph] lie on a straight line. 43 

[AVtm in Capricorn .] Furthermore, the line drawn from the bright star in Lyra 
[a Lvr] to the stars 44 in the horns of Capricorn [a, p, v,£ Cap] cuts off the bright 
star in Aquila [a Aql] a little to the east. The line from the bright star in Aquila 
to the first-magnitude star in the mouth of Piscis Austrinus [a PsA] bisects, 
approximated, the interval between the two bright stars on the tail of Capricorn 
[y, 5 Cap]. 13 

[.SVarr in Aquarius.] Furthermore, the line from the first-magnitude star in the 
mouth of Piscis Austrinus [a PsA] to the star in the muzzle of Pegasus [e Peg] 
cuts off the bright star in the rear shoulder of Aquarius [a Aqr], a little to the 
east. 46 

[.SVara in Pisces .] Furthermore, the stars in the mouths of Piscis Austrinus [a 

40 Catalogue XXVII 15 (C Vir), XLI 24 (y Hva), XXVII 14 (a Vir), V 6 and 23 (fj, a Boo), 
XLIII 5 and 4 (6, y Cor); and V 20, 21, 22 (q, t, u Boo). 

41 Catalogue XXVIII 1 and 3 (a, 0 Lib); XLI 25 (it Hva); V 23 (a Boo); II 25, 26, 27 (e, £ q 
UMa); and II 19 (y UMa). 

42 Catalogue XIII13 ft Oph); XXIX 17, 20, 21 (6, X, u Sco); XXIX 7,8,9(o,a, t Sco) and XIII 
12 and 19 (q, C Oph). 

43 Catalogue XXX 23 and 1 (0, y Sgr); XIII12 (q Oph); XXX 24 (a Sgr); and XIII19 fi Oph). 

44 Reading xoO^, with D, Ar (other Creek mss. xou) for Heiberg’s emendation iov ‘the star’ at 
Hll, 10. Corrected by Manitius, who supposes the stars to be a and fj Cap. But these would not give 
the correct alignment, and in the catalogue Ptolemy puts both these stars on the same horn. I 
therefore suppose that he is referring to the general direction from Vega of the group of stars. 

45 Catalogue VIII1 (a Lvr); XXXI1,2,3, 4 (a, v, jS, £ Cap); XVI3 (a Aql); XLVIII1 (a PsA); 
and XXXI 23, 24 (y, 5 Cap). 

4 *Catalogue XLVIII 1, XIX 17 and XXXII 2. 
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PsA] and the southern fish [of Pisces, |3 Psc] and the [two] advance stars of the 
quadrilateral in Pegasus [a, P Peg] lie on a straight line. 47 

If one were to match the above alignments too against the diagrams forming 
the constellations on Hipparchus’ celestial globe, 4 * he would find that the H12 
positions of the [relevant stars] on the globe resulting from the observations 
made at that time [of Hipparchus], according to what he recorded, are very 
nearly the same as at present. 


2. {That the sphere of the fixed stars , too , performs a rearward motion along the ecliptic } 

From these considerations, and others like these, we can be assured that 
absolutely all the so-called fixed stars maintain one and the same position 
relative [to each other], and share one and the same motion. But the sphere of . 
the fixed stars also performs a motion of its own in the opposite direction to the 
revolution of the universe, that is. [the motion of] the great circle through both 
poles, that of the equator and that of the ecliptic. 49 We can see this mainly from 
the fact that the same stars do not maintain the same distances with respect to 
the soisticial and equinoctial points in our times as they had in former times: 
rather, the distance [of a given star] towards the rear with respect to [one of] 
those same points is found to be greater in proportion as the time [of 
observation] is later. 

For Hipparchus too, in his work On the displacement of the soisticial and 
equinoctial points’, adducing lunar eclipses from among those accurately 
observed by himself, and from those observed earlier by Timocharis, computes 
that the distance by which Spica is in advance of the autumnal [equinoctial] 
point is about 6° in his own time, but was about 8° in Timocharis’ time. 30 For his HI 3 
final conclusion is expressed as follows: 'If, then, Spica, for example, was 
formerly 8°, in zodiacal longitude, in advance of the autumnal [equinoctial] 
point, but is now 6° in advance’, and so forth. Furthermore he shows that in the 
case of almost all the other fixed stars for which he carried out the comparison, 
the rearward motion was of the same amount. And we also, comparing the 
distances of fixed stars from the soisticial and equinoctial points as they appear 
in our time with those observed and recorded by Hipparchus, find that their 
motion towards the rear with respect to the ecliptic is, proportionally, similar to 
the above amount. We conducted this type of investigation by means of the 
instrument which we constructed previously [see VI] for the observations of 


47 Catalogue XLVIII 1, XXXIII 1, and XIX 4 and 3. The ‘quadrilateral’ in Pegasus (not 
mentioned in the catalogue) is formed by the stars a Peg, (3 Peg, a And and y Peg. 

48 1 interpret this to mean that Hipparchus published a description of the constellations to be 
drawn on a celestial globe (literally ‘solid sphere’, atcped aqxnpa, cf. VIII3). What relationship, if 
any, this had to Hipparchus’ putative ‘Catalogue’ is obscure. On the general problem see HAMA 
284-92. 

49 Reference back to 18 pp. 46-7. This makes it obvious that we must delete eiqTCtbtopeva (omittetf 
by al-J^ajjaj) at HI2,12: it is senseless to talk about a motion ‘towards the rear’ with respect to a 
circle which is itself in motion. The motive for the interpolation was to gloss ‘in the opposite 
direction’. 

50 Cf. Ill 1 p. 135 with n.14 for the lunar eclipses involved. 
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individual moon-sun distances. [In this case] we set one oi the astrolabe rings to 
the apparent position of the moon (computed for the moment of observation), 
then adjusted the other astrolabe ring to align it with the star being sighted, so 
that both moon and star would be sighted simultaneously in the proper 
positions. Thus we obtained the position of every one of the bright stars from its 
distance from the moon. 31 

To [illustrate this procedure] by a single example. In the second year of 
H14 Antoninus, on Pharmouthi [VIII] 9 in the Egyptian calendar [139 Feb. 23], 
when the sun was just about to set in Alexandria, and the last degree of Taurus 
was culminating, i.e. 5? equinoctial hours after noon on the ninth, we observed 
the apparent distance of the moon from the sun (which was sighted at about X 
3°) as 92i°. Half an hour later, the sun now having set, and the [first] quarter of 
Gemini [i.e. H 7;30°] culminating, the apparent moon was sighted in the same 
position [with respect to the astrolabe ring], and the star on the heart of Leo [a 
Leo, Regulus]] had an apparent distance from the moon, [as measured] by 
means of the other astrolabe [ring], of57|° towards the rear along the ecliptic. 

Now at the first [observation] the true position of the sun was very nearly X 
3?o 0 . Hence the apparent position of the moon, since it was 92x° towards the 
rear [of the sun], was approximately II 5ft°, which is also the position it ought to 
occupy according to our hypotheses. Half an hour later the moon should have 
moved about! 0 towards the rear, and have a parallax in advance, relative to the 
first situation, of about T3°. Therefore the apparent position of the moon halfan 
HI 5 hour later was El Hence the star on the heart, since its apparent distance 
from the moon was 57i° to the rear, had a position of 2i°, and its distance 
from the summer solstice was 32!°. 52 

But in the 50th year of the Third Kallippic Cycle [-128/7], as Hipparchus 
records from his own observations, [that star] had a distance to the rear of 
the summer solstice of 296°. Therefore the star on the heart of Leo has moved 
2*° towards the rear along the ecliptic in the 265 or so years from the 
observation of Hipparchus to the beginning [of the reign] ofAntoninusf 137/8], 
which was when we made the majority of our observations of the positions of the 
fixed stars. From this we find that 1° rearward motion takes place in 
approximately 100 years, as Hipparchus too seems to have suspected, according 
to the following quotation from his work ‘On the length of the year’: ‘For if the 
solstices and equinoxes were moving, from that cause, not less than rfeth of a 
HI6 degree in advance [i.e. in the reverse order] of the signs, in the 300 years they 
should have moved not less than 3°’. 53 

In the same way we took sightings of Spica and the brightest among those 
stars near the ecliptic, from the moon, and then [having done that], were in a 


51 Sec V l, with notes, for a detailed explanation of the use of the instrument. Ptolemy's procedure 
explains why the mean error in the longitudes of his star catalogue, about 1 °, is the same as the mean 
error of his lunar and solar positions, derived from his faulty equinox (see III l p. 138 with n.21). 

52 This observation is discussed in some detail by Pedersen, 240-5, with a computation of the 
parallax. Unfortunately he has made errors, notably in the angle between ecliptic and hour-circle 
in the first observation (see Toomer [3] p. 143). 

53 The ‘300 years’ is a reference to the interval between the solstice observation of Meton (-431, 
cf. Ill 1 p. 138) and Hipparchus’ own time. This was obviously one of the comparisons which 
Hipparchus made. 
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better position to use those stars to take sightings of the rest. We[ihusj und that 
their distances relative to each other are, again, very nearly the same as those 
observed by Hipparchus, but their individual distances from the solsticial or 
equinoctial points are in each case about 25° farther to the rear than those 
derivable from what Hipparchus recorded. 


3. {Thai (he rearward motion of the sphere ojthe fixed stars , too, takes place 
about the poles of the ecliptic}^ 

From the above it has become clear to us that the sphere of the fixed stars, too, 
performs a rearward motion along the ecliptic, of approximately the amount 
indicated. Our next task is to determine the type of this motion, that is to say, 
whether it takes place about the poles of the equator or about the poles of the 
inclined circle of the ecliptic. Since great circles drawTi through the poles of 
either one of the above [equator or ecliptic] cut off unequal arcs on the other, 

[the answer to] the above [question] would become apparent merely from the 
motion in longitude, were it not for the fact that the motion in longitudeover the HI 7 
time available [for comparison of observations] is so extremely small that the 
difference due to the above effect would be, as yet, imperceptible. The easiest 
way to detect [the answer] is through [comparison of] the positions[of the stars] 
in latitude 55 in ancient times and now. For it is obvious that whichever of the 
two circles, equator and ecliptic, it is from w hich they can be shown to maintain 
a constant distance in latitude, that is the circle about the poles of which the 
motion of their sphere will take place. 

Now Hipparchus agrees with [the idea of] the motion taking place about the 
poles of the ecliptic. For in ‘On the displacement of the solsticial and equinoctial 
points’ he deduces from the observations of Timocharis and himself that Spica 
(again) has maintained the same distance in latitude, not with respect to the 
equator but with respect to the ecliptic, being 2° south of the ecliptic at both 
earlier and later periods. That is why in 'On the length of the year he assumes 
only the motion which takes place about the poles of the ecliptic, although he is H18 
still dubious, as he himself declares, both because the observations of the school 
of Timocharis are not trustworthy, having been made very' crudely, and 
because the difference in time between [Timocharis and himself] is not 
sufficient to provide a secure result. We, however, find the [latitudinal distances 
with respect to the ecliptic] preserved over the much longer interval [down to 
our times], and that for practically all fixed stars. We can therefore with good 
reason consider the motion about the poles of the ecliptic as now more firmly 
established. For when we observe the latitudinal distance of any star with 
respect to the ecliptic, as measured along the great circle through the poles of 
the ecliptic, we find that it is practically the same as that computed from the 


54 Sec Pedersen 246-9. 

55 'latitude’ is ambiguous here and below. It means ‘direction orthogonal to the circle in 
question’, i.e. ‘latitude’ (in the modem sense) with respect to the ecliptic, and ‘declination’ with 
respect to the equator. Cf. Introduction p. 21 and p. 63 n.74. 
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records of Hipparchus, 56 or if there is a discrepancy, it is of very small size, such 
as can be accounted for by small observational errors. But when we consider the 
distances [of the stars] from the equator, as measured along great circles 
through the poles of the equator, we find [1] that those observed by us do not 
agree with those recorded in the same way by Hipparchus, and [2] that the 
latter do not agree with those recorded even earlier by Timocharis and his 
associates; rather, the constancy of their latitudes with respect to the ecliptic is 
confirmed even more by these very observations, since the distances from the 
H19 equator of the stars located on the hemisphere from the winter solstice through 
the spring equinox to the summer solstice are found to be ever more northerly 
compared to those [of the same stars] in earlier periods, while for stars located 
on the opposite hemisphere they are ever more southerly. Furthermore the 
differences [between earlier and later observations] are greater for stars near the 
equinoctial points, and less for stars near the solstices, and these differences are 
just about the same as the amount by which that section of the ecliptic to the 
rear [of the earliest longitude of any particular star] defined by the correspond¬ 
ing motion in longitude [during the period in question] produces a displace¬ 
ment to the north or south of the equator. 

In order to illustrate this point for a few easily recognisable stars we will set 
out, for each of the two hemispheres mentioned, their vertical distances from 
the equator, as measured along the great circle through the poles of the equator, 
as recorded by the school of Timocharis, as recorded by Hipparchus, and also as 
determined in the same fashion by ourselves. 57 [See p. 331.] 

In the case of all the above stars, which are located (to speak of their 
longitudinal position) on that one of the above-defined hemispheres which 
contains the spring equinox, the vertical distances from the equator which are 
later in time are all more northerly than the earlier, and for those stars very near 
the solsticial points [the difference] is very small, while for those near the 
equinoxes^ 8 it is quite considerable: this accords with a rearward motion about 
the poles of the ecliptic, for if one takes successive sections of this semi-circle [of 
the ecliptic] going towards the rear, each is more northerly than the one in 
advance of it, and the difference [between successive equal sections] is again 
greater near the equinoxes and less near the solstices. 

[See p. 332.] 


56 Tate Kata tov "Irexapyov dvayEypaiijiEvau; Kai auvayopEvau;, literally ‘those recorded and 
computed according to Hipparchus’. 1 take this to mean that Hipparchus recorded certain stellar 
positions (mainly declinations), from which Ptolemy computed the latitudes. All the evidence 
(including this passage) is in favour of the hypothesis that Hipparchus did not record stellar 
positions in latitude and longitude (except lor a lew special cases like that ofSpica mentioned above, 
for the specific purpose of determining the precession). Otherwise it is impossible to explain why 
Ptolemy went through the cumbersome process of comparing declinations (pp. 331-2), instead of 
simply comparing latitudes observed by Hipparchus and himself 

57 These stars are listed in Ptolemy’s catalogue as follows, l, XVI 3:2, not listed, but cf. XXIII30- 
2; 3, XXIII 14; 4,XIi 3; 5,XXXV 3; 6,XXXV 2;7, XXXVIII 1; 8, XXIV 1; 9,XXIV 2. I have 
followed Manitius in arranging Ptolemy’s continuous text in tabular form. 

™Sic (plural, although only the spring equinox is involved). The inaccuracy is probably 
Ptolemy’s, caused by his thinking of the general situation (differences large near either equinox, 
small near either solstice). 



North or south of As recorded by As recorded by As found by us 

equator [Aristyllos or] Hipparchus 



[8] The more advanced of the [two] bright stars north „ 33° 

in the heads of Gemini (Aristyllos) 






In the opposite heinisph 
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These stars are listed in Ptolemy's catalogue as follows: I, XXVI 8; 2,XXVII 14; 3,11 27; 4, II 26; 5, 11 25; 6,V 23 7,XXVIII I; 8,XXVIII 3; 9,XXIX 8. 
I)* and Ar have 67 j , which may lie correct. 
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Thus in the case of all these stars, the reverse [of the above] is true, as one 
would logically expect: the later vertical distances from the equator are more 
southerly than the earlier, in proportion [to the time intervals and locations]. 

Furthermore one can conclude from these data that the rearward motion in 
longitude of the sphere of the lixed stars is, as we said previously [p. 328], 1 ° in 
about 100 years, or 23 ° in the 265 years between Hipparchus’ and our 
observations. It is particularly [easy to do this] from the differences in 
declination found for those stars near the equinoctial points. 

For the middle of the Pleiades, which was found to be 156° north of the 
equator in Hipparchus’ time, and 16*° in our time, has [thus] moved ln° 
northward in the interval between us: this is nearly the same as the difference in 
declination from the equator between [both ends of] the 27° of the ecliptic near 
the end of Aries which represents the rearward motion in longitude over that 
interval . 01 And the star called Capella, which was found to be 40 5 0 north of the 
equator in Hipparchus’ time, and 41 6 ° in our time, has [thus] moved northward 
i°: this is, again, the same as the difference in declination from the equator of 
[the ends of] the [intervening] 2!° of the ecliptic near the middle of Taurus. 
Also, the star on the advance shoulder of Orion, which was found to be I 5 0 
north of the equator in Hipparchus’ time, and 2:° in our time, has [thus] moved 
northward about 3 0 , which is nearly the same as the difference in declination 
from the equator of [the ends of] the [intervening] 2 5° of the ecliptic two-thirds 
through Taurus . 62 

The situation is similar on the opposite hemisphere. Spica, which was found 
to be 5 ° north of the equator in Hipparchus' time, but 3 ° south in our time, has 
[thus] moved southwards 1to°, which is, again, the amount of the difference in 
declination from the equator of the [ends of the] 2 f° of the ecliptic near the end 
of Virgo. And the star in the tip of the tail of Ursa Major, which was found to be 
6 O 4 0 north of the equator in Hipparchus’ time, but 59f° in our time, has [thus] 
moved southwards 1 t 3 °, which is the amount of the difference in declination 
from the equator of the 25° of the ecliptic near the beginning of the sign of 
Libra . 63 Also, Arcturus, which was found to be 31° north of the equator in 
Hipparchus' time, but 29£° in our time, has [thus] moved southward 1 i°, which 
is, likewise, approximately the amount of the difference in declination from the 
equator of the 2‘° of the ecliptic near the beginning of Libra. 


H25 


9-59 U. 
6,29 J " 


0:57.30°. 


61 From Table I 15. 

5 ,30°) = 11:39.: 

5 (325°) = 12;36,£ 

which is considerably less than Ptolemy 's 1 r;°. Perhaps he has carelessly computed 5 (30°) 11:40°, 

2f/30x 11;40°~ 1;2°. 

b2 In the catalogue these two stars hav e very nearly the same longitude. Capella being placed in 
y 25 (XII3) and the star in Orion in 8 24 (XXXV 3). Yet here they are placed ‘in the middle of 
Taurus’ and 'two-thirds through Taurus’ respectively, and this is the basis of Ptolemy’s 
calculations. For, from table 115, the difference in declination of2j° near 45° is about 49 / , and near 
55° is about 4T. Thus the statement regarding Capella seems to rest on an error. 

bi Sir! The longitude of the star in question is 29^ in the catalogue (II27), so one would expect 
‘the beginning of Virgo’ here. But the mss. are unanimous, and I hesitate to emend, both because of 
the other gross inaccuracies in this passage, and because a difference in declination of 1 T2° is too 
great for the beginning of Virgo (from Table I 15 one finds about 57' for an argument of 30°). 
However, Ptolemy gives the same amount. 1 n°, for the ‘end of Aries’ (above, with n.61). 
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The point in question will become even clearer to us from the following 
observations. 64 

[Firstly] Timocharis, who observed at Alexandria, records the following. 
In the 47th year of the First Kallippic 76-year period, on the eighth of 
Anthesterion, 65 which is Athyr 29 in the Egyptian calendar, towards the end of 
the third hour [of night], the southern half of the moon was seen to cover exactly 
H26 either the rearmost third or [the rearmost] half 66 of the Pleiades. That moment 
is in the 465th year from Nabonassar, Athyr [III] 29/30 in the Egyptian 
calendar [-282 Jan. 29/30], 3 seasonal hours before midnight, or 3 j equinoctial 
hours (since the sun was in about ~ 7°). The interval reckoned in mean solar 
days comes to about the same number of equinoctial hours [3?] before mid¬ 
night. At that moment, according to the hypotheses we demonstrated pre¬ 
viously, the position of the moon was as follows: 
true longitude: 8 0;20° 

(i.e. distance from the spring equinox: 30;20°) 

[latitude]: 3;45° north of the ecliptic 

apparent longitude >> 29;20° 

L in Alexandria 

apparent [latitude] J 3;35° north of the ecliptic 67 
(for the culminating point was frds through Gemini). 

Therefore at that time the rearmost end of the Pleiades was about 29?° towards 
the rear from the spring equinox (for the moon s centre was still in advance of 
it), and was about 3f° north of the ecliptic (for, again, it was a little north of the 
moon's centre). 

H27 [Secondly] Agrippa, who observed in Bithynia, records that in the twelfth 
year of Domitian, on the seventh of Metroos according to the calendar of that 
region, h8 at the Ixfginning ol the third hour of night, the moon occulted the 
rearmost, southern part of the Pleiades with its southern horn. That moment is 
in the 840th year from Nabonassar, Tybi [V] 2/3 in the Egyptian calendar 
[92, Nov. 29/30], 4 seasonal hours before midnight, or 5 equinoctial hours 
(since the sun was in about £ 6°). 69 Therefore, reduced to the meridian of 


M There are numerous difficulties connected with the following observations of occultations, 
Ptolemy's interpretations of them, and his calculations. To deal with them here would require too 
lengthy a discussion. Although they have been much discussed (e.g. by Schjellerup, ‘Recherches’ 
III. Fotheringham [1] and Fotheringham [2]), the only satisfactory treatment is in Britton [ l], 107- 
28. to which the reader interested in Ptolemy's (often strange) interpretation of the data is referred. 
However, Britton does not consider the aspect of the errors resulting from Ptolemy's miscomputa- 
tions on the basis of his ow n theory. The more gross of these are noted below. These only reinforce 
Britton's conclusion that the observations could not have been selected at random. 

b5 These and similar dates (pp. 335, 336 and 337) attributed to Timocharis must be dates in the 
artificial Metonic/ Kallippic calendar. See Introduction p. 12. 

b6 It is most unclear what is meant here. Were there discrepancies in Timocharis' report (or in the 
mss. of it available to Ptolemy)? Or does this represent variations in the Almagest ms. tradition? The 
translation of al-fclajjaj has ‘a half only. 

61 Computed from Ptolemy's tables: A. 0 7;8°, \ <£ 30; 11 °, (3 ([ +3;45°. Apparent longitude and 

latitude at Alexandria 29;0° and +3;38°. 

^Metroos is the month of the Bithynian calendar. See Introduction p. 14. Agrippa is 
unknown apart from this passage. 

h! *This implies that the longest day was about that of Clima V (Hellespont), which is 
approximately correct lor Bithynia. But Ptolemy’s correction of-20 mins, lor reduction to the 
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Alexandria, the observation occurred 5 i equinoctial hours before midnight, or 
51 hours with respect to mean solar days. At this moment the positions of the 
centre of the moon were as follows: 

true longitude: 8 3;7° 

[latitude]: 4|° north of the ecliptic 

apparent longitude 8 3; 15° 

t in Bithynia 

apparent [latitude] J 4° north of the ecliptic 

(for the culminating point was two-thirds through Pisces). 70 
Therefore at that time the rearmost section of the Pleiades was, in longitude, 33j° 
towards the rear from the spring equinox, and, [in latitude], 3?° north of the 
ecliptic. 71 

Hence it is clear that the rearmost part of the Pleiades was, both then and H28 
now, the same distance in latitude, 3f°, north of the ecliptic, as measured along 
the great circle through the poles of the ecliptic, while in longitude it has moved 
3:45° towards the rear from the spring equinox (since it was 29:° from the 
equinox at the first observation and 33i° at the second) in the interval of 375 
years comprised between the two observations.'■ Therefore in 100 years the 
rearmost part of the Pleiades has moved 1° towards the rear. 

Again, [firstly] Timocharis, who observed at Alexandria, records that in the 
36th year of the First Kallippic Cycle, on Elaphebolion 15, which is Tybi 
5, at the beginning of the third hour, the moon covered Spica with the middle of 
that edge of its disk which is towards the equinoctial rising-pbint [i.e. the east], 
and that Spica, in passing through, cut oil exactly the northern third of [the 
moon's] diameter. 

This moment is in the 454th year 1'rom Nabonassar, Tybi [V] 5/6 in the 
Egyptian calendar [-293 Mar. 9/10], 4 seasonal hours before midnight, which 
is also 4 equinoctial hours approximately, since the sun was in about X 15°; 
and reckoning with respect to mean solar days leads to about the same number 
of hours before [midnight]. At that moment the positions of the moon’s centre H29 
were as follows: 

true longitude: tie 21 ;21° 

(i.e. distance from the summer solstice was 81;21° towards the rear) ' 


meridian of Alexandria implies that Agrippa was observing at a place 5° to the east: in fact no place 
in Bithynia was more than 3° to the east of Alexandria; moreover, in the Geography (8.17.3-7) 
Ptolemy puts all the cities in Bithynia nest of Alexandria. 

70 There are some gross errors here. Computed (for 6; 15p.m. Alexandria): A. <X = 32; 13° (0;54° less 
than the text!), P d = 4-4;53°. One might think that Ptolemy computed lor 8 p.m., i.e. took at the 
beginning of the third hour’ as if it were equinoctial hours at Alexandria , were it not that the 
culminating point he gives is approximately correct (for 7 p.m. local time Bithynia I find X 18;5°). 
His parallax corrections are also inaccurate (I find p* = +0;19°, pP - -0;38°, and hence, for the 
apparent position of the moon, A. = 32;32°, P = +4; 15°. One need hardly say that this error is- 
disastrous for the ‘verification’ of Ptolemy’s precession constant. 

71 AsManitius points out (p. 402), in his catalogue (XXIII32) Ptolemy assigns a latitude of+3l to 
the rearmost end of the Pleiades. But the discrepancy can easily be explained by the fact 
that he is referring, not to a specific star, but to part of the general mass. 

11 From Nabonassar 465 to Nabonassar 840. 
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true [latitude]: i6° south of ecliptic 
apparent longitude: 82 t' 3° from the summer solstice 73 
apparent [latitude]: about 2° south of the ecliptic 

(for the middle of Cancer was culminating). 

Therefore, from the above, [we conclude that] Spica was at that moment 82^° 
in longitude from the summer solstice, and just about 2° south of the ecliptic. 

Likewise, [secondly] in the 48th year of the same [First Kallippic] Cycle, 
he says that on the sixth day from the end of the last third of Pyanepsion, 74 
which is Thoth 7, when as much as half an hour of the tenth hour had gone by, 
and the moon had risen above the horizon, Spica appeared exactly touching the 
northern point on [the moon]. 

This moment is in the 466th year from Nabonassar, Thoth [I] 7/8 in the 
Egyptian calendar [-282 Nov. 8/9]; [the hour is], according to Timocharis 
himself, 3 2 seasonal hours after midnight, or approximately 3* equinoctial 
H30 hours, ' 5 since the sun was near the middle of Scorpius; but, according to logical 
reasoning, [it must have been] 2! hours after midnight. For that is the time 
when EE 22:° is culminating, and TTg 22!° (approximately) is rising:' 6 and that 
[HR 22 2 0 ] was the longitude of the moon at that moment when, as he says, it was 
rising. Reckoning with respect to mean solar days, we find that only 2 
equinoctial hours had passed since midnight. At this time the positions of the 
centre of the moon were as follows: 

true [longitude]: distance from the summer solstice: 81;30° 
true [latitude]: 2 1° south of the ecliptic 
apparent longitude: 82!° [from the summer solstice] 
apparent [latitude]: 2i° south [of the ecliptic].'' 

Therefore, according to this observation too, Spica was the same distance of 
about 2° south of the ecliptic, and was 82:° from the summer solstice. So in the 
12 years between the two observations it moved about 1° towards the rear from 
the summer solstice. 

[Thirdly] the geometer Menelaus says that the following observation was 
made [by him] in Rome. In the first year of Tra jan, Mechir 15 16. when the 
tenth hour [of night] was completed. Spica had been occulted by the moon (for 
it could not be seen), but towards the end of the eleventh hour it was seen in 


*■* Reading 5tj5 tP' (with A*BCD) tor ttP fjj (82; 12°, the reading of Ar) at H29.7. In the circum¬ 
stances of the observation this seems more likely to lead to the position of 82;° which Ptolemy 
deduces lor Spica (below). It is also closer to my computation (X([ .apparent, 172:7°), though this is 
no argument- Corrected by Manitius. 

' 4 tt] (pO'ivovrcx;, i.e. the 25th of the month. For this way of counting days see Introduction p. 
13. The true Attic form of the month name is Iloavoytcov, but the spelling with epsilon is found 
outside Attica (see LSJ s.v.), and is probably that used by Timocharis himself. 

Since the length oi l seasonal night-hour was 16:38°, the length of3] hours was 58; 13°, or about 
3! equinoctial hours. Hence I considered emending the text at H29,21 to 5 Xeutouaat; r\ (4 - i). 
However, it seems more probable that Ptolemy simply made the error of computing day-hours 
instead oi' night-hours, which does indeed lead to 3k equinoctial hours. The error has no 
consequences, since Ptolemy takes a quite dillerent time. 

h For calculations of these see Appendix A Examples 4 and 5. 

"Calculated (cf. Appendix A Examples 9 and 10): Xd = 171;39°, Pd = -2;7°. Apparent 
positions: X = 173:1°. p = -2:20°. 
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advance of the moon’s centre, equidistant from the [two] horns by an amount H31 
less than the moon’s diameter. 

This moment is in the 845th year from Nabonassar, Mechir [VI] 15/16 in the 
Egyptian calendar [98 Jan. 10/11], 4 seasonal hours after midnight when the 
moon’s centre was approximately covering Spica, which corresponds to 5 
equinoctial hours, since the sun was in about 10 ° 20 °; when reduced to the 
meridian through Alexandria this is 6 i equinoctial hours , 78 and [this], with 
respect to mean solar days, is 64 hours (or a little more). At this moment the 
positions of the centre of the moon were as follows: 

true [longitude]: 85i° from the summer solstice 
true [latitude]: about 1 south of the ecliptic 
apparent longitude: 864 ° from [the summer ^olstire] 
apparent [latitude]: 2 ° south [of the ecliptic] 

(for the culminating point was about a quarter of the way through Libra )/ 9 
Therefore that was the position of Spica too at that moment / 0 

It is clear that Spica was, again, the same amount south of the ecliptic, 
namely 2°, both in Timocharis' time and in our time, and that its movement 
towards the rear in longitude is 

3;55° in the 391 years from the observation in the 36th year [of the First 
Kallippic Cycle to the observation of Menelaus], and 

3;45° in the 379 years 81 from the observation in the 48th year. H32 

Hence from these data too we conclude that the motion of Spica towards the 
rear in 100 years is about 1 °. 

Again, Timocharis, who observ ed in Alexandria, says that in the 36th year 
of the First Kallippic Cycle, on Poseideon 25, which is Phaophi 16, at the 
beginning of the tenth hour, the moon appeared to occult the northernmost of 
the stars in the forehead of Scorpius very precisely with its northern rim. 

This moment is in the 454th year from Nabonassar, Phaophi [II] 16/17 in the 
Egyptian calendar [-294 Dec. 20/21], 3 seasonal hours alter midnight, or 3 5 
equinoctial hours, since the sun was in about $ 26°. Reduced to mean solar 
days this is 3 § hours. At this moment the position of the centre of the moon was 
as follows: 

in true [longitude]: 31 i° from the autumnal equinox [towards the rear] 

[in true latitude]: 1 ?° north of the ecliptic 82 


3 1.e. the longitudinal difference between Rome and Alexandria is taken as about 20°. In fact it is 
about 17i°. In the Geography the error is even more exaggerated. There ! 8.5.3 Xobbe) Ptolemy states 
that Rome is lx h to the west of Alexandria, in accordance with the assigned longitudes of 36f° and 
60]° (ibid. 3.1.61 and 4.5.9). Heron, Dioptra , took the difference as 2 hours (Xeugebauer [3], 22). 

' 9 Here toomy computat ions show significant discrepancies: X <£ 175:27°, p<£ -1; 19,30°. Apparent 
positions at Rome, \ 175:39°. p -2:10°. Ptolemy’s parallaxes, -P30' in longitude and-40' in latitude, 
imply a total parallax of 50/ which is approximately correct, and an angle between altitude circle 
and ecliptic of c. 140°, which is impossible at the situation in question (moon roughly j h west of 
meridian, as his culminating point shows). Could he have taken the eastern angle in error? 

30 In the catalogue (XXVII 14) Spica has coordinates of to? 265° and -2°, in agreement with the 
data here (allowing lor a movement of 25' in longitude in about lorty years). 

81 Reading to0 (with D,Ar) for toe (‘375’) at H32.1. Corrected bv Manitius, and bv Heiberg, Op. 
Min. p. XIV. 

82 Computed :\([ 211:23°, Pd +1:17°. 
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in apparent longitude: 8 * 32° [from the autumnal equinox] 
in apparent [latitude]: 1 ri° north of the ecliptic 84 
(for the culminating point was the middle of Leo). 

Therefore at that moment the northernmost of the stars in the forehead of 
H33 Scorpius was the same amount, 32°, from the autumnal equinox in longitude, 
and about I?° north of the ecliptic [in latitude]. 

Similarly, Menelaus, who observed in Rome, says that in the ilrst year of 
Trajan, Mechir 18/19, towards the end of the eleventh hour, the southern horn 
of the moon appeared on a straight line with the middle and the southernmost 
of the stars in the forehead of Scorpius, and its centre was to the rear of that 
straight line, and was the same distance from the middle star as the 
middle star was from the southernmost; it appeared to have occulted the 
northernmost of the stars in the forehead, since [this star] was nowhere to be 
seen. 

This moment is, again, in the 845th year from Nabonassar, Mechir [VI] 
18/19 in the Egyptian calendar [98 Jan. 13/14], 5 seasonal hours after mid¬ 
night, or 6§ equinoctial hours, since the sun was in about 10 3 23°. Reduced to 
the meridian of Alexandria this is 1 3 equinoctial hours, and it is about the same 
with respect to mean solar days. At this moment the position of the centre of the 
moon was as follows: 

true [longitude]: 35 t° from the autumnal equinox [towards the rear] 

true [latitude]: 2<5° north of the ecliptic 81 
apparent longitude: 35:55° [from the autumnal equinox] 
apparent [latitude]: 11° north [of the ecliptic] 

(for the culminating point was the end of Libra). 8b 
Therefore the northernmost of the stars in the forehead of Scorpius had 
approximately the same position at the moment. 

H34 Hence it is clear that for this star too its distance in latitude from the ecliptic 
has been observed to be the same in former times and in our times, while its 
position in longitude has moved away from the autumnal equinox towards the 
rear by an amount of 3:55° in the time between the observations, which 
comprise 391 years, from which it follows that in 100 years the motion of the star 
towards the rear amounts to 1°. 


83 Reading ctTtExov (with D,Ar) for ettexov here (H32,18) and at the similar place H33,20. 
Corrected by Manitius. _ 

83 Reading a if}' (with Ar) for a i{3 (1;12°) at H32J9. This gives better agreement with the 
observational data if a latitude of lj° is to be deduced (below). Corrected by Manitius. 
Computed apparent position: X([ 212:30°, (5([ +1;1°. 

85 Computed: Xd 215:21°, pd +2;5°. 

88 Neugebauer has displayed all the computations leading up to this in various places in HAMA I, 
culminating in his remarks on pp. 117-18 about the impossibility of assigning a specific cause to the 
error in the final result. He also suggests (117 n.7) that one should read 2:6° and 1;3° for the true and 
apparent latitude. Although these numbers agree better with the calculation. l]° is certainly the 
correct reading, for it agrees with the latitude found from Timocharis* observation, and also with 
that assigned to this star in the catalogue (XXIX 1). 
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4. [On the method used to record [the positions oj ] the fixed stars] 

Thus, from our observations and comparisons of the above stars, from similar 
observations and comparisons of the other bright stars, and from the fact that 
we found the distances of the other stars with respect to the [bright stars] which 
we had established to be in agreement [with the results of our predecessors], we 
have contlrmed that the sphere of the fixed stars, too, has a movement towards 
the rear with respect to the solsticiai and equinoctial points of' the amount 
determined (in so far as the time [for which observations are] available allows); 
furthermore, [we have confirmed] that this motion of theirs takes place about 
the poles of the ecliptic, and not those of the equator (i.e. the poles of the first 
motion). So we thought it appropriate, in making our observations and records 
of each of the above fixed stars, and of the others too, to give their positions, as H35 
observed in our time, in terms of longitude and latitude, not with respect to the 
equator, but with respect to the ecliptic, [i.e.] as determined by the great circle 
drawn through the poles of the ecliptic and each individual star. In this way, in 
accordance with the hypothesis of their motion established above, their 
positions in latitude with respect to the ecliptic must necessarily remain the 
same, while their positions in longitude must always traverse equal arcs towards 
the rear in equal times. 

Hence, again using the same instrument [as we did for the moon, V 1], 
(because the astrolal>e rings in it are constructed to rotate about the poles of the 
ecliptic), we observed as many stars as we could sight dhwn to the sixth 
magnitude. [We proceeded as follows.] We always arranged the first of the 
above-mentioned astrolabe rings [Fig. F,5] [to sight] one of the bright stars 
whose position we had previously determined by means of the moon, setting the 
ring to the proper graduation on the ecliptic [ring (Fig. F,3) for that star], then 
set the other ring [Fig. F,2], which was graduated along its entire length and 
could also be rotated in latitude towards the poles of the ecliptic, 87 to the 
required star, so that at the same time as the control star was sighted [in its 
proper position], this star too was sighted through the hole on its own ring. For H36 
when these conditions were met, we could readily obtain both coordinates of 
the required star at the same time by means of its astrolabe ring [Fig. F,2]: the 
position in longitude was defined by the intersection of that ring and the ecliptic 
[ring], and the position in latitude by the arc of the astrolabe ring cut off 
between the same intersection and the upper 88 sighting-hole. 

In order to display the arrangement of stars on the solid globe 89 according to 
the above method, we have set it out below in the form of a table in four sections. 

For each star (taken by constellation), we give, in the first section, its description 
as a part of the constellation; 90 in the second section, its position in longitude, as 

87 If the text is sound, Ptolemy is speaking carelessly here. As is clear from the description at V 1, 
ring no. 2 is indeed graduated, but cannot perform a latitudinal movement; that is done by ring no. 

1, which fits inside no. 2 and has the sighting-holes attached to it. 

88 Literally ‘above the earth’. Cf. p. 219 n.6. 

89 For a description of this instrument see VIII 3. 

90 Literally ‘the shapes’ (td<; jioptptoaeu;), i.e. its position as a part of the mythological figure 
(animal, anthropomorphic or inanimate) which was delineated on the globe and (notionally) in 
the heavens. 
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derived from observation, for the beginning of the reign of Antoninus 91 ([the 
position is given] within a sign of the zodiac, the beginning of each quadrant of 
the zodiac being, as before, established at [one of] the solsticial or equinoctial 
points); in the third section we give its distance from the ecliptic in latitude, to 
the north or south as the case may be for the particular star; and in the fourth, 
the class to which it belongs in magnitude. The latitudinal distances will remain 
always unchanged, and the positions in longitude can provide a ready means of 
determining the [corresponding] longitude at other points in time, if we 
[calculate] the distance in degrees between the epoch and the time in question 
on the basis of a motion of 1° in 100 years, [and] subtract it from the epoch 
H37 position for earlier times, but add it to the epoch position 92 for later times. 

For the same reasons, our indications [of relative positions] in the descriptions 
must also be understood to accord with the above kind of hypothesis about the 
arrangement of the stars, and with the definition [of position] by [circles drawn] 
through the poles of the ecliptic. Thus, when we speak of a star as "in advance of 
or to the rear of another, we mean that it occupies the relative position in 
question as defined by the ecliptic position [of the two stars, "in advance of] 
referring to the section of the ecliptic which is in advance, and [‘to the rear ] 
referring to the section of the ecliptic which is towards the rear; 93 and by ‘more 
to the south’ or ‘more to the north’, we mean nearer to the pole of the ecliptic 
(southern or northern as the case may be). Furthermore, the descriptions which 
we have applied to the individual stars as parts of the constellation are not in 
every case the same as those of our predecessors 'just as their descriptions differ 
from their predecessors’): in many cases our descriptions are different because 
they seemed to be more natural and to give a better proportioned outline to the 
figures described. Thus, for instance, those stars which Hipparchus places ‘on 
the shoulders of Virgo’ we descril>e as ‘on her sides’, 94 since their distance from 
the stars in her head appears greater than their distance from the stars in her 
hands, and that situation lits % [a location] ‘on her side’, but is totally 
inappropriate to [a location] ‘on her shoulders’. However, one has a ready 
means of identifying those stars which are descried differently [by others]; this 
can be done immediately simply by comparing the recorded positions. 

The layout of the catalogue is as follows. 


91 1.e. according to the Canon Basileon (sec Introduction p. 11), Thoth 1 of Xabonassar 
885 (= 137 JulyJZO). 

92 Reading iai<; tfj<; fcjroxnC tm too ^eiayeveatepou (with D,Ar) at H37,2 for rate; tou 
liETayevEOtepou. Corrected by Manitius. 

93 Although this is in general true, there appear to be exceptions. See Introduction p. 20, p.344 
n.110 (on catalogue III 15-18) and p. 377 n.35 (on catalogue XXXII 23-4). 

94 Thus 5 Vir is described by Hipparchus (Conan, in Arat. 2.5.5., ed. Manitius p.190,10) as l the 
northern shoulder of Virgo', and by Ptolemy (catalogue XXVII 10) as 'the star in the right side 
under the girdle*. 
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VII5. Constellation I: Ursa Minor 
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107 The identification corresponds to that ol‘P-K (Piazzi VIIf 245). 





H48 


[Number in 

Description 

Longitude 

Latitude 


[Modern 

constellation] 

in degrees 

in degrees 

Magnitude 

designation] 

6 

The one under that ellxjw, which also (ouches it 

X 10 

+74 

4 

8 Cep 
\ Cep 
l Cep 
e Cep 

C Cep 

X Cep 

7 

8 

The star in the chest 

The star on the left arm 

X 28 J 

<r ?! 

+65! 

+62l 

5 

>4 

9 

The southernmost ol the 3 stars on the tiara 115 

X Iflt 

+60 { 

5 

10 

The middle one of the three 

X I7t 

+61J" 6 

4 

11 

The northernmost ol the three 

jll stars, 1 of the third magnitude, 7 of the fourth, 3 of the filth} 

X 19 

+61 ( 

5 


Stars around Cephcus outside the constellation: 





12 

The one in advance of the tiara 

X 13J 

+64 

5 

M Cep 

13 

The one to the rear ol the tiara 

{2 stars outside the constellation, 1 of the fourth magnitude, 1 of the 

X 21 i 

+59] 

4 

5 Cep 


fifth) 






[V] Constellation of B<x>tcs 





1 

The most advanced of the three in the left arm 

to 2i 

+58 i 

5 

k Boo 

2 

The middle and southernmost of the three 

TO 4i 

+581 

5 

t Boo 

3 

The rearmost of the three 

to M 

+60 S 

5 

8 Boo 

4 

The star on the left elbow 

TO 95 

+54 i 

5 

X Boo 

5 

The star on the left shoulder 

mi i9i 

+49 

3 

y Boo 

6 

The star on the head 

TO 26j 

+53 1 

>4 

P Boo 

7 

The star on the right shoulder 

— 5 i 

+48 i 

>4 

8 Boo 

8 

The one to the north of these, 1,7 on the sian 118 

^ 5! 

+53 i 

4 

p Boo 


a 1 ' 5Cep ^ euS rCpr f Cn ^ d wear, ng lhc tia,a * lhc h *sl‘ head-dress of the Persian king, because in many versions of the myth (involving Perseus 
Andromeda and her father Cephcus) he was said to lx* an oriental ruler. See Boil-Gundel, ‘Sternbilder’ cols. 884-5, with illustration from Vat. Gr 1087 
1 he variant 644 occurs in the earlier Arabic tradition according to S 9. 

117 The star is to the north only ol no. 7, not of no. 6. Hence Manitius emends auTWV at H48,18 loautou, ‘of this’. However, it seems probable that 
Ptolemy was careless, being misled by the lact that the declination of no. 8 is greater than that of both the other stars. 

jCoXXopopov, a kind oj curved stick traditionally applied to the object held by Bootes, and also to that wielded by Orion (XXXV 11). Variously 
translated as shepherd s stall or club . The lormcr would lx: more appropriate to the herdsman Bootes, the latter more plausible for the hunter Orion. 
However, the object earned by Bootes is called by Ptolemy (no. 10) a club (jWov), and that is what is represented on the Farnese globe (Thiele PI. VI 
top). The object in Thiele Pig. 22 p. 96 resembles a shepherd's crook. 
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[Number in 
constellation)! 


H50 


H52 


9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


23 


Description 


The one farther to the north again of this, on the lip ol the stall 

The northernmost of the two stars below the shoulder, in the ilub 

The southernmost ol them 

The * tal 0,1 ltK ‘ end of the right arm 

The more advanced oil he two stars in the wrist 

The rearmost of them 

The star on the end of the handle of the stall 
The star on the right thigh, in the apron" 9 
The rearmost of the two stars in the bell 
The more advanced of them 
The star on the right heel 

The northernmost of the 3 stars in the lelt lower leg 
The middle one of the three 
The southernmost of them 

{22 stars, 4 of the third magnitude, 9 of the fourth, 9 ol the liiih| 

Star under [Bootes] outside the constellation: 

The star between the thighs, called ‘Arctium’, reddish 
{1 star of the first magnitude) 

[VI) Constellation of Corona Borealis 
The bright star in the crown 
The star most m advanc e ol all 
The one to the rear and to the north ol this 
The one to the rear and north again ol this 
The one to the rear of the bright star from the south 1 ' 0 
The °ne to the rear again of the latter, close by_ 


xmgitude 
n degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation 

5 

+57! 

4 

v Boo 

^ l\ 

+46 J 

>4 

*T| CrB 

8] 

+45 { 

5 

0 CrB 

^ 8i 

+41 \ 

5 

•45(c) Boo 

^ 61 

+41 i 

5 

*ty Boo 

=£: 7 

+ 42 ! 

5 

•46(b) Boo 

^ 7] 

+40! 

5 

•to Boo 

^ 0 

+ 40 ! 

3 

e Boo 

TO 25] 

+4ii 

4 

a Boo 

TO 25 

+42 i 

>4 

p Boo 

^ 5} 

+28 

3 

C Boo 

TO 21J 

+28 

3 

rj Boo 

TO 20 i 

+26] 

4 

x Boo 

TO 21 i 

+25 

4 

v Boo 

TO 27 

+31] 

1 

a Boo 

^ 141 

+44] 

>2 

a CrB 

^ ni 

+46] 

>4 

P CrB 

^ 111 

+48 

5 

8 CrB 

^ 13] 

+50] 

6 

n CrB 

^ 17i 

+443 

4 

Y CrB 

^ 19i 

+441 

4 

8 CrB 


•••ttolCwua a kind oTairdlc. In the representations I have seen (e g. Thiele, as in n. 118) Bootes wears an «w»ll<, a tunic which leaves one shoulder bare. 
'“The lathu’de of this star (♦«*>), if the text is correct, is in fact more «»,//.«/)• than that of no. 1 (44!°). Perhaps Ptolemy merely means to contrast 
i, with the more nm theHy star no. 4 (also ‘to the rear’ of no. 1). I. seems unlikely tha, he describes it as ‘to the south' because no. 5 has a lesser dechnat.on 

than no. 1. 
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VII5. Constellation V: Bootes VII5. Constellation VI: Corona Borealis 





[ [Number in 
I constellation) 


J Description 

|111] Constellation of Draco 
The star on the tongue 
The star in the mouth 
The star above the eye 
The star on the jaw 10 " 

The star above the head 

The northernmost of the 3 stars in a straight line in the first bend of the 
neck 

The southernmost of these 
The middle one 

The star to the rear and due east of the latter 

The southern star of the {two) lorming the advance side of the 
quadrilateral in the next bend 
The move northerly star of the advance side 
The northern star of the rear side jof the quadrilateral] 

The southern star of the rear side 

The southern star of (those lorming] the triangle in the next I tend 
The more advanced of the other two stars of the triangle 
The one to the rear 

The most advanced 1141 of the three stars in the next triangle, whieli is in 
advance |of the last ] 


Longitude 

Latitude 


[Modern 

in degrees 

in degrees 

Magnitude 

designation] 

26) 

,76) 

4 

p I)ra 

null* 

c78| 

>4 

v Dra 

m, 131 

.75) 

3 

P Dra 

■(. 27 i 

It), 29 j 

+801 
*75) 

4 

3 

5 Dra 
y Dra 

t 24 j 

.82) 

4 

39(b) Dra 

k>- 2j 

+781 

4 

46(c) Dra 

l 28* 

+801 

4 

45(d) Dra 

V> I9l 

+81 i 

4 

o Dra 

X 8 

+81) 

4 

n Dra 

X 201 

+83 

4 

8 Dra 

7) 

+78! 

4 

£ Dra 

X 221 

+77* 

4 

p Dra 

T loi 

+80) 

5 

a Dra 

T 21 j 

•+8I l 1 * 9 

5 

o Lira 


+801 

5 

T Dra 

n i3l 

+84) 

4 

\|/ Dra 


,08 yevu<;, which could also lx- translated ‘check’. 

,09 P-K adopt 81 J, from the Arahie (all mss. which 1 have examined). 

""Heading apotjY<>n ( u.vo ? (will. 1)1. E tie.) tin tndpevex; (other Creek mss., FT), ‘rearmost’, al H44.I9. Although no. 17 has a greater ecliptic 
longitude than no. 18, and I bus wo,.Id normally he ‘to the rear’ of it. lot stars wit It extreme northern latitudes, their declinations may I* greater than that of 
would be * C CC " I)hl ^ ~ m w,,, ‘ (asc l,lc nor,nal ,l,lc ma >’ nm a PP*y- Indeed, on Ptolemy’s star glolx- the equatorial coordinates of nos 15-18 



a 

& 

15 

291.9° 

67.9° 

16 

294.7° 

1)8.7° 

17 

274.9° 

71.4° 

18 

282.6° 

70.7° 


Manillas. 


[Number in 
constellation] 


Description 

The southernmost of the other two forming the triangle 
The northernmost of the other two 

The rearmost of the two small stars to the west of the triangle 
The one in advance 

The southernmost of the next 3 stars in a straight line 

The middle one of the three 

The northernmost of them 

1’he northernmost of the next 2 to the west 

The southernmost of these 

The star to the west of these, in the bend by the tail 

The advance star of the 2 quite some distance from the latter 

The rear star of these [two] 

The slat close hy these, by the tail 
The remaining star, on the lip ol the tail 

{31 stars, 8 of the third magnitude, 16 of the fourth, 5 ol the liilh, 2 oi the 
sixth) 114 


[IV] Constellation of Cepheus 
The star on the right leg 
The one on the left leg 
The star under the Ik.Ii on the right side 
The star over the right shoulder, which touches it 
The star over the right elbow, which touches it 


Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

8 20) 

•+83) 1 " 

4 

X Dra 

8 Ui 

+B4! 

4 

<p Dra 

2= 28 5 

+87) 

6 

27(0 Dra 

2- 21* 

+86! 

6 

to Dra 

nj 9 

+81J 

5 

18(g) Dra 

n 9i 

+83 112 

5 

19(h) Dra 

m 8 { 

+84! 

3 

; Dra 

m 10 

+78 

3 

q Dra 

nfl 13 u 1 

+74* 

>4 

0 1 >i a 

itfi 12* 

+70 

3 

t Dra 

n 7) 

+64) 

4 

10(i) l).a 

n n! 

+65) 

3 

a Dra 

!3 I9i 

+611 

3 

K Dra 

^ 13l 

+56) 

3 

X Dra 

8 5 

+75) 

4 

K Cep 

8 3 

+64) 

4 

Y ,: ‘‘P 

<P 7) 

+711 

4 

peep 

X 16) 

+69 

3 

a Cep 

X 9) 

+72 

4 

n < ; ep 


1,1 Reading try Z ' (with B, Ar) lor nC, Z ' (87)) at H45.20. Corrected by P- K ,8.1 J fits both Ptolemy's description and the actual location ol* Dra much 
better. 

112 Readings (with Ar) font y' (80i) at H47,4. 80} must be wrong, since Ptolemy’s description ensures that the latitude of no. 23 lies between that of 22 
(81 Jj and that of 24 (84i). Corrected by Manitius and P-K. 

1.3 Reading ty (with Ar, adopted hy P-K) for t y' (10i) al H47,7. According to S 8 the Arabic tradition of no.27 is unanimous for 13]°; the con¬ 
text makes it clear tha t he has mistakenly attributed the coordinates of no. 26 to no. 27. ‘13{’ is probably a scribal error in ibn as-§alah for ‘13*. 

1.4 Deleting 6pou Xa (‘31 altogether’), with D, at H46,13. 


VII5. Constellation III: Draco VU 5 • Constellation IV: Cepheus 




H58 


[Numlx.*r in 


Longitude 

Latitude 


[Modern 

constellation] 

Description 

in degrees 

in degrees 

Magnitude 

designation] 

3 

The southernmost of them 

t 201 

+61 

>4 

C Lyr 

4 

The one to the rear of these, in Ix-tween the points where the horns (of 

T 23f 

+60 

4 

*5 Lyr 


the lyre) 141 are attached 




5 

The northernmost of the 2 stars close together in the region to the east of 

V* 2 

+61J 

4 

X] Lyr 


the shell 




6 

The southernmost of them 

v> ii 

+60 ! 

4 

0 Lyr 

7 

The northernmost of the two advance stars in the bridge 432 

T 21 

+56l 

3 

P Lyr 

8 

The southernmost of them 

? 20* 

+55 

<4 

*v Lyr 

9 

The northernmost of the two rear stars in the bridge 

I 24i 

+55 i 

3 

Y L y r 

lb 

'I’he southernmost of them 

•f 24l'“ 

+54j 

<4 

X Lyr 


{10 stars, 1 ol the first magnitude, 2 oft he third, 7 of the fourth} 





(IX j Constellation of Cygnus 144 





1 

2 

The star on the beak 

The one to the rear of this, on the head 

V> 4] 

V> 9 

*+49 

+50] 

3 

5 

P C Vg 

<P Cyg 
nCyg 

Y Cyg 
a Cyg 

5 Cyg 

0 Cyg 
t Cyg 

K Cyg 
| £ Cyg 

! X Cyg 

3 

The star in the middle of the neck 

V> 16 j 

+54! 

>4 

4 

The star in the breast 

\i> 28j 

+57 i 

3 

5 

6 

The bright star in the tail 

The star in the Ixrnd of the right wing 

* 9j 

19t 

+(i0 

+641 

2 

3 

7 

The southernmost of the 3 in the right wing-leathers 

V> 22! 

+69 i 

4 

8 

9 

The middle one of the three 

The northernmost of them, on the tip of the wing-leathers 

V? 2li 

161 

+71! 

+74 

V V 

~ 

10 

The star on the Ixmd of the left wing 

~ oi 

+49! 

11 

The star north of this, l3f> in the middle of the same wing 

- 3 1 

+52 i 

>4 


131 Conceivably a reference to the version ol the myth in which Hermes used the horns oi the cattle he stole from A|x>llo to make this part of the lyre 
(scholion on Genmanicus, ed. Breysig 84). Cl. the depiction in Vat. Gr. 1087, reproduced in Boll-Gundel col. 904, and Thiele Fig. 38 p. 114. 
n2 £uy(opa, the ‘cross-bar’ of the lyre. 

133 Reading tcS q (with D) at H59,3. Heiberg has k8 (24), which is the reading ol Ar. But all other Greek mss. have icct (21). 

134 6pvi^, literally ‘bird’. It is not identified with a swan (Cygnus) or any particular bird in the earlier Greek tradition (e.g. Aralus 278) 
ictorial representations (e.g. 1 hide f ig. 39 p. 114) mostly resemble a swan. For the origin of the appellation ‘swan’ see Gundel, art. ‘Kyi 


pictorial 
2442-3. 

135 Reading auxoG (with Is) for auitov (‘of these’) at H58,I6. The change is necessary, since the star is north only of no. 10. 


but the extant 

Kyknos’. RE 11.2, 


[Number in 

constellation}! 


H60 


H62 


12 

13 

14 

15 

16 
17 


Description 


The star in the tip of the feathers of the lelt wing 
The star on the lelt leg 

The star on the left knee 

The more advanced ol the 2 stars in the right leg 
The one to the rear 

The nebulous slar‘“ on the riRla knee... .. , 

j 17 stars, l ol’ the second magnitude, 5 ol the thud, J ol the fointh, - 
the filth} 


Longitude 
in degrees 


~ 61 
10 

~ 14! 
~ ll 
~ 21 
~ 12i 


18 

19 


Stars around [Cygnus] outside the constellation 
The southernmost of the 2 stars under the lelt wing 
The northernmost of them 
[2 stars of the fourth magnitude} 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 


~ 101‘ 
~ I3i 


[X] Constellation of Cassio|x ia 
The star on the head 
The star in the breast 
The one north of that, on the bell 
The star over the throne, just over the thighs 
The star in the knees 
T he star on the lower leg 
The star on the end of the leg 
The star on the left upper arm 
The star below the left elbow 
The star on the right fore-arm 
The star al>ove the foot of the throne 
The star on the middle of the back ol the throne 

The star on the top of the throne-back , 

(13 stars, 4 of the third magnitude, 6 ol the (ourlh, I ol the lillh, 2 o 

sixth] ___ 


T 

T 10i 

T 13 

V 161 
<T> 201 
T 27 

* B 11 
T i4i 
T Hi 
T 2i 

<P 15 

T 7 1 

V 3i 


Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

+44 

3 

(Cyg 

+55 £ 

>4 

v Cyg 

+57 

>4 

(Cyg 

+64 

4 

o' Cyg 

+64 i 

4 

o 2 Cyg 

+64l 

5 

to Cyg 

+49! 

>4 

t Cyg 

+511 

>4 

a Cyg 

+45 \ 

>4 

^ Cas 

+464 

3 

a Cas 

+47 ii 

4 

q Cas 

+49 

>3 

y Cas 

+45! 

3 

8 Cas 

+475 

4 

e Cas 

+47! 

4 

1 Cas 

+44 i 

4 

*0 Cas 

+45 

5 

*<p Cas 

+50 

6 

a Cas 

+525 

<4 

K Cas 

+511 

3 

b Cas 

+511 

6 

p Cas 


,6 W Cyg is not a nebula, but a multiple star system. 
n The variant 13$ occurs in both Greek (D) and the later 


Arabic traditions (see S 17). 


(jo 

Oi 

o 


s 


O, 


I 


Si 




1 


03 

Ol 


VII 5. Constellation X: Cassiopeia 



H54 


[Number in 
constellation]! 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


Description 


The one to the rear again of these 
The star to the rear of all [the others] in the crown 
{8 stars, 1 of the second magnitude, 5 ol the fourth, 1 of the filth, 1 of the 
sixth] 


(Vil| Constellation of Hercules 121 
The star on the head 

The star on the right shoulder by the armpit 

The star on the right upper arm 

The star on the right elbow 

The star on the left shoulder 

The star on the left upper arm 

The star on the left elbow 

The rearmost ol the 3 stars in the left wrist 

The northernmost of the other 2 

The southernmost of them 

The star in the right side 

The star in the left side 

The one north of the latter, on the left buttock 

The one on the place where the thigh joins the same [buttoc k] 

The most advanced of the 3 in the left thigh 


Longitude 
in degrees 


-- 21 { 

^ 21 i 


nu 17} 
m, 3j 
m, li 
28 
m, icj 

m. 22 

m,27j 

t 5] 

? 1 
? I 
m, 3) l! 
nt 10i 15 

TTU 10 

ni Hi 
nt 14 


Latitude 
in degrees 


► w>i 

1191 


+37) 

+33 

+30) 

+37) 

+38 

+39) 

+52 

+52) 

+53 

+53 

■+53)' : 

+53) 

+5(ij 

+58) 

+59) 


Magnitude 


3 

3 

3 

4 

3 
>4 
>4 
>4 
>4 

4 
3 

•5 125 

5 

3 

4 


[Modern 

designation] 


eCrB 
t CrB 


a Her 
P Her 
y Her 
k Her 
8 Her 
X Her 
p Her 
o Her 
v Her 
4 Her 
C Her 
e Her 
59(d) Her 
61(c) Her 
it Her 


GcrlanL r u! l L'l^il!'mv , !‘' n ‘‘■"“'''Y ““r ^ k n °‘ i<lc, “ if ‘ l<l wi,h a "V mytholo 8 ical personage in the earlier Greek tradition, or by 

... *.. >* «a~. K-6. A.™«, :,J. 

122 'j— 

123 Reading vy <, .... o ..,,, „ variant 

by a common scribal error). I‘-K also adopt 53) (from as-Sfifi). 

12S 1I,C varianl 16 *" *l»c tradition of both (beck (A'D) and Arabic (see S II). 

D,Ar have the magnitude >3, in lieitcr agreement with modem estimates of the magnitude oft: Her (3.9). As Manitius (p. 301) says, adopting this 

c7u„“eS as a sTh mam b'd T' Tf A. "T!'"* ^ *** ™ a ‘‘ ‘hey indicate only thauhif wa! 

counted as a 5th magnitude star in the late Alexandrine tradition. 


~ kJUi Itunut I LUIS. Z7\J\9~ % ), 

2 Tbe variant 6) occurs in the Greek tradition (A'BC, written ‘6+) + )'[), and, according to S 10, the earlier Arabic tradition. 
Reading vy< with Is(conlinncd by S 10), lound as a variant in I„ Ibrv F (50 j) at H55.5 (D and al f.lajja, have 5*4. derived from 
i common scribal emir . P-K .ttln.n .... J ' 


the correct reading 


03 

± 

CO 


Ol 

f 


g 

5; 

I 


(Number in 
onstellation) 


H56 


16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


29 


Description 


The one to the rear of this 
The one yet further to the rear of this 
The star on the left knee 
The star on the left shin 

The most advanced of the 3 stars in the left foot 
The middle one of the three 
The rearmost of them 

The star on the place where the right thigh joins [the bullock j 
The star north of it in the same thigh 
The star on the right knee 

The southernmost of the 2 stars under the right knee 
The northernmost of them 
The star in the right lower leg 
The star on the end of the right leg is the same as the out on the 
tip of the stall |ol Bootes, V 9] 

{Not counting the latter, 28 stars, 6 of the third magnitude, 17 of the 
fourth, 2 of the fifth, 3 of the sixth] 

Star outside this constellation: 

The star south of the one in the right upper arm 
(1 star ol the fifth magnitude) 

| VIII] Constellation of Lyra 
The bright star on the shell, 130 called Lyra 
The northernmo st of the 2 slate: lying near the latter, close u.g. tbe. 


Longitude 
in degrees 


"1 151 
n;, 16i 
t 0 i 
n\,22i 
TTJ, 15) 
vsi 16| 
m, 19) 

nv 0j 

^ 25) 
^ 15) 
=£= 13) 
^ iOi 
^ l li 


m, 


2 ) 


t 17l 

l 20 ) 


Latitude 
in degrees 


*+60) U€ 
+61 i 
+61 
+69) 
+70i 127 
+7li 
f +72) 128 

►+60l lw 

+63 
+65 J 
+63! 
+64l 
+60 


+38i 


+62 

+ 62 ) 


Magnitude 


4 

>4 

4 

4 

6 

6 

6 

>4 

4 

>4 

4 

4 

4 


1 

>4 


[Modern 

designation] 


69(e) Her 
p Her 
0 Her 
i Her 
74(x) Her 
77(y) Her 
82(z) Her 
t| Her 
o Her 
t Her 
<j> Her 
o Her 
X 1 ler 


•a) Her 


a 1 yr 
e l.yr 


. It is in fact the readingol most of the Arabic tradition, according toS 12, 


126 Most Greek mss. havc^Y (63). I Icilxrrg adopted 60| from Bixle’s conjee, 
and is found in all Arabic mss. examined by Kunilzsch. 

127 The variant 74 is found in the earlier Arabic tradition acc ouling to S 13. 

l28 D,Ar have 72, adopted by P-K. . hlll it in | act t \ K reading of almost all the later Arabic tradition (see S 14). 

“ !S All Greek mss. have j;8 (63). 1 a ^‘ “ ,’] ie infltn. Hermes constructed the firs. lyre. See e.g. the Homeric Hymn to Hermes 33, Arams 

'“The Shell of the to. to.se from winch mG.+ik »ny • lor ,|,e star is Vega. 

268-9 and (for other ancient references) Boll-Gmxlcl cols. Jot o. 


S 

P 

8 




03 

£ 




(Number in Longitude Latitude [Modern 

constellation] _ Description _ in degrees in degrees Magnitude designation] 

14 The small star over the left loot *y 20 $‘ 46 *+10j 147 6 *14 Aur 148 

114 stars, 1 or the first magnitude, l ol the second, 2 of the third, 7 of the 
fourth, 2 of the fifth, 1 of the sixth] 

(XIII] Constellation of Ophiuchus 

1 The star on the head nv 241 +36 >3 a Oph 

2 The more advanced of the 2 stars on the right shoulder nv 28 +27j >4 p Oph 

3 The rearmost of them nv 29 +26j 4 y Oph 

4 The more advanced of the 2 stars on the left shoulder n\, I3i +33 4 I Oph 

5 The rearmost of them nv 14$ +31*' 4 k Oph 

6 The star on the left elbow gj *+24l 149 4 X Oph 

7 The more advanced of the 2 stars in the left hand nv 5 +17 3 5 Oph 

8 The rearmost of them nv 6 + 16* 3 e Oph 

9 The star on the right elbow nv 26$ +15 4 p Oph 

10 The more advanced of the 2 stars in the right hand / 2l + 13$ <4 v Oph 

11 The rearmost of them $ 3 ] +| 4 | 4 t Oph 

12 The star on the right knee in, 2 li +7i 3 n Oph 

13 The star on the right lower leg *nu 23$‘ 50 +2i >4 *4 Oph 

14 The rnost advanced of the 4 stars on the right foot nv 23 # -2] 4 # 36(A) Oph 

15 The one to the rear of this TtV 24) *-1 ] >4 *8 Oph 

16 The one to the t eat again of that nv 25 *- 0 { 4 *44(b) Oph 

17 The last and rearmost of the 4 Ttl, 25i # -()j 5 *51(c) Oph 151 

, 4 b P-K adopt the reading 23 from the late Greek ins. Par. 2394. There is no good authority Ibr it. 

147 Reading 1 y * (with A* and part of the Arabic tradition, see S 20) for tq (16) at H67,19. The related variant ty (13) is also found, in D and the later 
Arabic tradition (ibid.). P-K adopt 10 1. 

The identification is very uncertain and depends on the coordinates adopted. Kunitzsch (ibn as-Salal.i 86 n.d) suggests 5 Aur, adopting the 
coordinates H 20$, + 16. 1 retain that of P-K. 14 Aur, which is supported by the location with respect to the Milky Way, described in VIII 2 p. 402 (this 
virtually excludes Manitius’ identification, 2 Aur). 

24j is the reading of DL, adopted by Heiberg. Most Greek mss. have 33*. P-K adopt 23 j, claiming that it is the reading of some Greek and one Arabic 
ms. (it appears to be that of T). 

150 Reading icy ^ (with A‘DAr) for Kg (26$) at H69,I3. The same correction was made by Manitius and P-K. 

151 The uncertainty connected with nos. 14 to 17 is whether the latitudes are south or north (Ibr details of the variations see P-K p. 186 nos. 247-50). 
Consequently the identifications are uncertain {pace P-K, n. on p. 99). 


[Number in 
constellation] 


Descrip tion _ 

The star to the rear of these, which touches the heel 
The star in the left knee 

The northernmost of the 3 stars in a straight line in the left 
lower leg 

The middle one of these 

The southernmost of the three 

The star on the left heel 

The star touching the hollow of the left loot 

(24 stars, 5 of the third magnitude, 13 ol the fourth, 6 ol the filth] 

Stars around Ophiuchus outside the constellation: 

The northernmost ol the 3 to the east ol the right shoulder 
The middle one of the three 
The southernmost of them 

The star to the rear of these 3, approximately over the middle one 
The lone star north of [these] 4 (nos 25-28] 

(5 stars of the fourth magnitude) 


[XIV} Constellation of Serpens* 

Stars on the quadrilateral in the heads: 
the one on the end of the jaw 
the one touching the nostrils 
the one in the temple 
the one where the neck joins [the head] 
the one in the middle of the quadrilateral, in the mouth 
The star outside the head, to the north ol it 

The one after the first bend in the neck___ 


.ongitude 
n degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

n 271 

+ 1 

5 

*51 Oph 

nv 12 l 

+ 11 i 

3 

t Oph 

m, 11 ? 

+51 

>5 

9 Oph 

HV 10 ? 

+3i 

5 

X Oph 

nv 9 1 

*+l$ 

>5 

9 Oph 

nv 12 { 

+ 0 $ 

5 

<0 Oph 

nv 10 ? 

-ol 

4 

p Oph 

1 * 

+28 1 

4 

66 (n) Oph 

? 2 ? 

+261 

4 

67 Oph 

t 3 ,M 

+25 

4 

68 Oph 

t 3? 

+27 

4 

70 Oph 

I 4? 

+33 

4 

72 Oph 

=£= 18? 

+38 

4 

1 Ser 

=£s 21 ? 

+40 

4 

p Ser 

*£v 24 ! 154 

+36 

3 

y Ser 

^ 22 

+34j 

3 

P Ser 

^ 211 

+37 1 

4 

k Ser 

=== 23l'” 

+42 j 

4 

n Ser 

:e= 21 ? 

+291 

3 

5 Ser 


152 The later Arabic tradition is solid for the variant 0) (see S 20). . . . . . . . „ _v 

153 Literally ‘of the snake of the snake-holder [Ophiuchus]’. Phis is to distinguish it horn Draco and Hydra (the big snake and the water-snake^ 

154 The Greek tradition is uniform for 21 j. Heiberg adopted 24 j as an emendation by Bode. However, it is well-attested in the Arabic tradition: sec 
, 153 Reading Ky g' (with BCD and the later Arabic tradition, see S 23) for Kg g (26f) at H7I,18. 


VII5. Constellation XIII: Ophiuchus VII5. Constellation XIV: Serpens 






H64 


H66 


[Number in 
constellation 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

1 

2 

3 

4 

5 

6 

7 

8' 

9 

10 

11 

12-15 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

[XI] Constellation of Perseus 

The nebulous mass on the right hand 

The star on the right elbow 

The star on the right shoulder 

The star on the left shoulder 

The star on the head 

The star on the place between the shoulders 139 

The bright star in the right side 

The most advanced of the 3 stars next to the one in the side* 

The middle one of the three 

The rearmost of them 

The star on the left elbow 

Stars in the Gorgon-head: 140 
the bright one 
tlie one to the rear of this 
the one in advance of the bright star 
the remaining one, yet again in advance of this 
|The star in the right knee 

The one in advance ol this, over the knee 

The more advanced of the 2 stars above the bend in the knee 

The rearmost of them, just over the bend in the knee 

The star on the right calf 

The star on the right ankle 

The star in the left thigh 

The star on the Jell knee 

The star on the left lower leg 

The star on the left heel 

<1P 265 

8 ll 

8 2i 

V 27i 

8 0i 

8 li 

8 4i 

8 5l 

8 7 

8 7i 

8 0i 

V 29) 

T 291 

T 275 
<P26l 

8 Hi 

8 13 

8 12) 

8 M 

8 H1 

8 16| 

8 6| 

8 8j 

8 8) 

8 4l 

+40 i 
+37! 

+34 i 
+32) 

+34 i 
+311 
+30 
+271 
+275 
+27) 

+27 

+23 

+21 

+21 

+22! 

•+2II MI 

+2II1 

+2. r > 

+2<ij 

+245 

+ 18j 
+211 
+ I9j 
+14l 
+12 

neb. 

4 

<3 

4 

4 

4 

2 

4 

4 

3 

4 

2 

4 

4 

4 

4 

4 

4 

4 

5 

*5 

>4 

3 

4 

<3 

CGal 884 + 869 |; 
T| Per 

Y Per 

6 Per 

I Per 
t Per 
a Per 
a Per 

V Per 

8 Per 
tc Per 

P Per 

0 ) Per 

P Per 

JT Pit 

72(b) Per 

X Per 

48 Pet 
jt Per 

53(d) Per 

58(c) Per 
v Per 
£ Per 
$Per 

0 Per 


nakcdcye'(see 'iWnharn 'l438)^' ^ *"* m * eaiwi *> <;ala ‘ :,ic «“•« 869 »"<* «H which appear* a single haay pa., h lo .he 

'nflTru?' 356 n1 ?: "r T w envisbnetl as P*«ly >""•«! *•» .he side, *> ,ha. some or his back is visible. 

I he head ol Medusa, earned m Perseus leh hand (see the depiction in Boll-Gundcl col. 914). 

41 28 is the reading of all Greek mss., 28j that of some Arabic mss. (L,L,F), adopted by P-K. 


OO 

<jy 

to 


[Number in 
constellation]! 


26 


27 

28 
29 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 


Description 


The one to the rear of’ this, on the left foot 

{26 stars, 2 of the second magnitude, 5 of the third, 16 of the fourth, 2 of 
the fifth, [1] nebulous} 

Stars around Perseus outside the constellation: 

The star to the east oft he one on the left knee [no. 23] 

The star to the north of the one 14 * in the right knee [no. 16| 

The star in advance of those in the Gorgon-head [nos. 12-15] 

[3 stars, 2 of the fifth magnitude, 1 faint} 


[X.1IJ Constellation of Auriga 
The southernmost of the two on the head 
The northernmost [of these], over the head 
The star on the left shoulder, called Capella 
The star on the right shoulder 
The star on the right elbow 
The star on the right wrist 
The star on the left cllx>w 

The rearmost of the two stars on the left wrist, which are called ‘Haedi 
The more advanced of these 
The star on the left ankle 

The star on the right ankle, which is [applied in] common to the horn 
| of Taurus I 144 

The one to the north of the latter, in the lower hem (of the garment] 145 
The one north again of this, on the bullock_ 


Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

8 6) 

+ 11 

>3 

£ Per 

8 111 

+ 18 

5 

52(f) Per 

b 15 

+31 

5 

•BSC 1314 

T 241 

+20 i 

f. 

16 Per 

n 2 i 

+30 

4 

5 Aur 

n 2 t 

+31 i 

4 

^ Aur 

b 25 

+22) 

I 

a Aur 

n 2 i 

+2.0 

2 

P Aur 

n U 

+ I5i 

4 

v Aur 

n 2 i 

+ 13) 

>4 

0 Aur 

b 22 

+20) 

>4 

£ Aur 

b 22 i 

+ 18 

>4 

r| Aur 

b 22 

+ 18 

4 

C Aur 

b 19i 

+ I0i ,4 ‘ 

<3 

l Aur 

b 251 

+5 

>3 

P Tau 

b 26 

+8j 

5 

X Aur 

b 26) 

+ I2i 

5 

ip Aur 


142 Reading too tv (with D,E,T,Gcr) for xo)v tv (‘those in’) at H64,19. 

143 The variant 16 is found in the later Arabic tradition according to S 19. 

144 See XXIII 21. The magnitude there is given as 3. The star is also known as y Aurigae, but today is included in the constellation Taurus. 
l45 7 t£pind 8 iov. Auriga (‘the charioteer') is depicted as wearing a long tunic reaching to the feel, like the well-known bronze Delphic charioteer (seee.g. 

Richter, Handbook of Greek Art , Fig. 113 p. 85). °° 


VII5. Constellation XI: Perseus VII5. Constellation XII: Auriga 





H78 


H80 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

8 

The southernmost of the 3 stai’s between the tail and the rhombus 

V> 17j 

•+30l"° 

6 

r\ Del 

9 

The more advanced of the other 2 to the north 

k > I7j 

+31 s' 

6 

C Del 

10 

The remaining, rearmost one 

(10 stars, 5 of the third magnitude, 2 of the fourth, 3 of the sixth) 

[XVIII] Constellation of Equuleus 1 *' 4 

19 

+31 ] 

6 

0 Del 

1 

The more advanced of the 2 stars in the head 

k> ail 

+20i 

f. 

a Equ 

2 

The rearmost of them 

28 

+20t 

f. 

P Equ 

3 

The more advanced of the two stars in the mouth 

V> 2<il 

+25 j 

f. 

Y Equ 

4 

The rearmost of them 
(4 stars, [all] faint) 

[XIX] Constellation of Pegasus 1 ** 5 

V> 27 j 

+25 

f. 

5 Equ 

1 

The star on the navel, which is [applied in] common to the head of 
Andromeda 

x nl 

+26 

<2 

a And‘“ 

2 

The star on the rump and the wing-tip 

X I2i 

+ 124 

<2 

K Peg 

3 

The star on the right shoulder and the place where the leg joins (it) 

X 2 1 

+31 

<2 

P Peg 

4 

The star on the place between the shoulders and the shoulder-part of 
the wing 

~ 2b i 

+ 191 

<2 

a Peg 

5 

The northernmost of the two stars in the Ixxly under the wing 

X 4i 

+25 i 

4 

T Peg 

6 

The southernmost of them 

X 5 

+25 

4 

u Peg 

7 

The northernmost of the two stars in the right knee 

~ 29 

+35 

3 

n Peg 

8 

The southernmost of them 

~ 284 

+34] 

5 

o Peg 


,63 The variant 34 occurs in the Greek (G; ‘31’ in D) and Arabic traditions (see S 2b). 

,M Literally ‘bust or ‘figurehead’ (npoTopq) *o! a hoi st'’. In laet only the head appears to have Ixrcn represented. T here are no ancient illustrations (see 
Boll-Gunde) 927-8), and indeed most ancient authorities ignore this constellation. The designation is confusing, since Pegasus loo is represented as only the 
forepart of a horse. 

lb * Literally ‘the horse’; but the references to its wings make it clear that it is depicted as Pegasus. The identification was made as early as A rat us (216-24). 
166 The star is also known as 8 Pegasi, but in modern times is defined as being in Andromeda. 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

9 

The more advanced of the two stars close together in the chest 

^ 26} 

+29 

4 

XPeg 

10 

The rearmost of them 

~ 27 

+29} 

4 

p Peg 

11 

The more advanced of the 2 stars close together in the neck 

~ 18* 

+ 18 

3 

C Peg 

12 

The rearmost of them 

~ 20] 

+ 19 

4 

i Pe g 

13 

The southernmost of the two stars on the inane 

~ 214 

+ 15 

5 

p p^ 

14 

The northernmost of them 

~ 20] 

+ 16 

5 

a Peg 

15 

The northernmost of the two stars close together on the head 


+ 16] 

3 

OPcg 

16 

The southernmost of them 

~ 8 

+ 16 

4 

v Peg 

17 

The star in the muzzle 

~ 5i 

+22] 

>3 

€ Peg 

18 

The star in the right hock 

~ 231 

+41} 

>4 

Jt Peg 

19 

The star on the left knee 

~ 17l 

+34i 

>4 

l Peg 

20 

The star in the left hock 

[20 stars, 4 of the second magnitude, 4 of the third, 9 of the fourth, 3 ol the 
lift h| 

[XX] Constellation of Andromeda 

= 12l 

+3b| 

>4 

ic Peg 

1 

The star in the place Ix tween the shoulders 

X 251 

+24] 

3 

8 And 

2 

The star in the right shoulder 

X 2<i| 

+27 

4 

7i And 

3 

The star in the left shoulder 

X 24} 

+23 

4 

e And 

4 

The southernmost of the 3 stars on the right upper arm 

X 23 j 

+32 

4 

a And 

5 

The northernmost of them 

X 241 

+33] 

4 

0 And 

6 

The middle one of the three 

X 25 

+321 

5 

p And 

7 

The southernmost of the 3 stars on the right hand 

X 191 

+41 

4 

t And 

8 

The middle one of these 

X 20! 

+42 

4 

ic And 

9 

The northernmost of the three 

X 22} 

+44 

4 

X And 

10 

The star on the left upper arm 

X 241 

+ 17] 

4 

(, And 

11 

The star on the left elbow 

X 25} 

+ 15* 

4 

q And 

12 

The southernmost of the 3 stars over the girdle 

T 3l 

+264 

3 

P And 

13 

The middle one of these 

V It 

+30 

4 

p And 

14 

The northernmost of the three 

cp 2 

+32] 

4 

v And 


i 167 Most Greek mss (A‘BC) and Is have 9<l. Heilierg adopts the reading of D,L. 


358 VII5. Constellations XVII, XVIII: Delphinus, Equuleus VII5. Constellation XIX: Pegasus 






[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
|in degrees 

Magnitude 

[Modern 

designation] 

8 

The northernmost of the 3 following this 

£= 24$ 

+26) 

4 


9 

The middle one of the three 

=C: 24 j 

+25) 

3 


10 

The southernmost of them 

^ 26l 

+24 

3 


11 

The star alter the next bend, which is in advance of the left hand of 
Ophiuchus 

^ 28$ 

+16! 

4 

p Ser 

12 

The star to the rear of those in the hand [of Ophiuchus, nos. X ill 7-8] 

n\, 8) 

•+I3$'“ 

5 

o (>ph 
v Ser 

13 

The one after the back of the right thigh of Ophiuchus 

nu 231 

+ioi 

4 

14 

The southernmost of the 2 to the rear of the latter 

nt 27 

+8) 

+ I0i 

>4 

5 Ser 
o Ser 

15 

The northernmost of them 

tU,27 1 

4 

16 

The one after the right hand [of Ophiuchus), on the bend in the tail 

T 3j 

+20 

4 

c Ser 

17 

The one to the rear ol this, likewise on the tail 

t 8! 

+2li 

>4 

18 

The star on the tip of the tail 

[18 stars, 5 of the third magnitude, 12 oil he fourth, 1 of the fifth) 

[XVJ Constellation of Sagitta 

? I8i 

+27 

4 

9 Ser 

1 

The lone star on the arrow-head 

Vp I0$ ,s ' 

+39i 

4 

y Sge 

2 

The rearmost of the -three stars in the shaft 

Vp <>i 

+39$ 

6 

C Sge 

3 

The middle one 

l P 5$ 

+39! 

5 

6 Sge 

4 

The most advanced of the three 

1 P 4i 

+39 

5 

a Sge 

5 

The star on the end of the notch 

[5 stars, 1 of the fourth magnitude, 3 of the fifth, 1 of the sixth) 

[XVI] Constellation of Aquila 

VP 3l 

•+38) ,s * 

5 

P Sge 

1 

The star in the middle of the head 

IP 7$ 

+26$ 

4 

T Aql 

P Aql 
a Aql 

2 

The one iri advance of this, on the neck 

l P 4$ 

+27$ 

3 

3 

The bright star on the place lx*lween the shoulders, called Aquila 159 

VP 3$ 

+29$ 

>2 


156 13l is Heiberg’s emendation (following Bode, who in lad conjectural ‘13’). All inss. have IbJ. See the discussion of P-K, pp. 99-100. 

157 The variant 16 is found in the Cheek ms. 1) and in the later Arabic tradition (see S 24). 

'“This is the reading of D, adopted by Hcil>erg, where most Cheek mss. have 37 j. The Arabic tradition varies between 38) and 38j (see S 25). 

The phrase ‘place between the shoulders’ is my translation ofpcTdtppevov. This seems more accurate than LSJ’s‘broad of the back’, which is certainly 
impossible here because of the iconography. It is clear from the orientation (‘hit’, ‘right’ and ‘head’) that one is supposed to see the un derside of the bird (in 
agreement with the depiction on the Parnese glolic, Thiele PI III Ixillom, where one is looking at the outside, cl. Intioduction p. 15). Therefore one can 
have at best only a glimpse of the back. The modern name of this star is Altaic. 


Od 

Cn 

o> 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

4 

The one close to this towards the north 

Ip 4! 

+30 

<3 

*0 Aql 

5 

The more advanced ol the 2 in the left shoulder 

IP 3$ 

+31) 

3 

7 Aql 

6 

The rearmost of them 

10 s 6 

+31) 

5 

<f> Aql 

7 

The more advanced of the two in the right shoulder 

J 29 j 

+28! 

5 

p Aql 

8 

The rearmost of them 

VP li 

+26! 

>5 

a Aql 

9 

The star some distance under the tail of Aquila, touching the Milky Way 

f 22$ 

+ 36i 

3 

C Aql 

10 

[9 stars, 1 of the second magnitude, 4 oflhc third, 1 of the fourth, 3 ol the 
fifth) 

The stars around Aquila, to which the name ‘Antinous’ is given 1 " 0 

T he more advanced ol the 2 stars south ol the head ol Aquila 

V> 3! 

+21! 

3 

0 Aql 

11 

The rearmost of them 

Vp 8$ 

+ 19$ 

3 

0 Aql 

12 

The star to the south and west of the right shoulder of Aquila 

t 26 

+25 

>4 

8 Aql 

13 

The one to the south of this 

t 28! 

+20 

3 

t Aql 

14 

The one: to the south again of the latter 

? 29! 

+ 15! 

5 

*K Aql 

15 

The star most in advance of all 

•? 21$ 

+ 18$ 

3 

X Aql 

1 

[6 stars, 4 of the third magnitude, 1 of the fourth, 1 of the filth) 

[XVII] Constellation of Dciphinus 

The most advanced of the 3 stars in the tail 

VP 17! 

+29$ 

<3 

e Del 

2 

The northernmost of the other 2 

VP 18! 

+29 

<4 

t Del 

3 

The southernmost of them 

VP 18! 

+ 27$ 

4 

k Del 

4-7 

4 

The stars in the rhomboid 1 * 1 quadrilateral: 

the southernmost one on the advance side 

VP 18! 

+32 

<3 

P Del 

5 

the northernmost one on the advance side 

•Vp 20i ,b * 

•+33$ 

<3 

a Del 

6 

the southernmost one on the rear side of the rhombus 

Vp 2li 

+32 

<3 . 

5 Del 

7 

the northernmost one on the rear side 

VP 23$ 

+33$ 

<3 

y Del 


160 Antinous was the emperor 1 ladrian’s favourite, who died by drowning in the Nile in A.D. 130. 1 his ‘catasterism is confirmation ol the statement in 
Dio Cassius (69,11,4) that Hadrian claimed to have himself seen the star into which the soul of Antinous was transformed. Could Ptolemy have had 
anything to do with this identification? It turned out to be ephemeral. 

161 1 .e. with only two of its lour sides parallel. 

162 All Greek mss. have K<; (26). Heiberg adopted k q* (20i) as an emendation of Bode; but it is in fact found in all Arabic mss. I have examined. 
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VII5. Constellation XV: Sagitta VU 5 - Constellation XVI: Aquila 





[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

3 

The one close again to the latter 

•V 24l‘" 

- 8 i 

4 

4 Tau 
o Tau 

4 

The southernmost of the 4 

V 241 

-9j 

4 

5 

The one to the rear of these, on the right shoulder-blade 

291 

-9l 

5 

30(e) Tau 

6 

The star in the chest 

8 3} 

-8 

3 


7 

The star on the right knee 

8 6 i 

- 12 j 

4 

p Tau 

8 

The star on the right hock 

8 3 1 ’ 6 

-I4i 

4 

v Tau 

9 

The star on the left knee 

8 12 1 

-10 

4 

90(c‘) Tau 

10 

11-15 

The star on the left lower leg 

The stars in the face, called ‘the Hyades’: 

•8 13‘” 

-13 178 

4 

88 (d) Tau 

11 

the one on the nostrils 

8 9 

-5j 

<3 

y Tau 

12 

the one between this and the northern eye 

8 I0{ 

-4j * 79 

<3 

5‘ Tau 

13 

the one between it [no. 11 ] and the southern eye 

8 10 s' 

8 121 

-5s' 

<3 

0* Tau 

14 

the bright star ol the Hyades, the reddish one on the southern eye 

-5 i 

1 

a Tau 

15 

the remaining one, on the northern eye 

*8 11 1 

-3 

<3 

e Tau 

16 

The star on the place where the southern horn and the ear join [the 
head] 

*8 lli lw 

-4 

4 

97(i) Tau 

17 

The southernmost of the 2 stars on the southern horn 

8 20.1 

-5 

5 

!04(m) Tau 

18 

The northernmost of these 

8 20 

-3 i 

5 

106(1) Tau 

C Tau 

19 

The star on the tip of the southern horn 

8 27 j 

- 2 i 

3 

20 

The star on the place where the northern horn joins [the head] 

8 15i 


4 

I Tau 

21 

The star on the tip of the northern horn, which is the same as the one on 
the right fool of Auriga [XII no. 11] 

8 251 

+5 

3 .82 

P Tau 


175 P-K adopt 24j, the reading of Ar, which is no doubt the origin of the corruption 21 1 in D. 

176 The variant Oj is lound in part of the Arabic tradition according to S 28. 

177 Manitius (p. 401) changes to lOj (t y' for ty), with no ms. authority. 

178 The variant lOj occurs in the later Arabic tradition (see S 29). 

179 The variant 1J is found in the earlier Arabic tradition according to 8 30. 

180 Reading t^ (with D,Ar, adopted by P-K) for t^ /’ (I7j) at H89,4. 

1 he variant 4 is (bund in some Greek mss. (BC) and in the whole ol the Arabic: tradition according toS 32. 9 j is undoubtedly correct, bul the latitude 
might be north instead of south (see P-K on no. 399 p. 101, Manitius pp. 401-2). 

182 In Auriga (XII, 11) the magnitude is given as > 3. 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

22 

The northernmost of the 2 stars close together in the northern ear 

8 12 

+oi 181 

5 

u Tau 

23 

The southernmost of them 

8 Hi 

+ ol m 

5 

k Tau 

24 

The more advanced of the 2 small stars in the neck 

8 7 

+oi 

5 

37(A‘) Tau 

25 

26-29 

The rearmost of them 

The quadrilateral in the neck: 

8 9 

• IB5 

6 

(d Tau 

26 

the southernmost star on the advance side 

*8 8 

+5 

5 

44(p) Tau 

27 

the northernmost star on the advance side 

*8 Sj ' 86 

*+7 |* 87 

5 

•y Tail 

28 

the southernmost star on the rear side 

8 12 

+3 

5 

X T au 

29 

30-33 

the northernmost one on the rear side 

The Pleiades: 

8 Hi 

+5 

5 

<p Tau 

30 

the northern end of the advance side 

8 2 l 

+4j 

5 

*19 Tau 

31 

the southern end of the advance side 

8 2 ] 

+3j 

5 

*23 Tau 

32 

the rearmost and narrowest end of the Pleiades 

8 3i 

+3l ,8B 

5 

*27 Tau 189 

33 

the small star outside 190 the Pleiades, towards the north 
[32 stars , 192 1 of the first magnitude, 6 of the third, 11 ol ihelburth, 13ol 
the fifth, 1 of the sixth] 

8 3i 

+5 

*4»«i 

*BSC 1188 


,8i The variant 6 occurs in the earlier Arabic tradition according to S 33. 

184 The variant 4 occurs in the Greek (B) and in the Arabic tradition (see S 34). 

185 The latitude is north in the Greek mss. A'D and in almost the whole Arabic tradition according to S 35. 

186 On the longitudes of nos. 20 and 27 see Manitius p. 402, who interchanges them. 

, 87 D,Ar have the variant 7i, adopted by P-K. 

188 As Manitius notes (p. 402) the rearmost part of the Pleiades is said to have the latitude +3l° at VII 3 p. 335. See n.71 there lor the explanation of the 
discrepancy. 

189 The identifications of nos. 30-2 are those of P-K. However, I do not believe that Ptolemy was referring to specific stars, but rather to points on the 
general outline of the group. Nevertheless, the star^named are conveniently placed to serve as reference points. 

190 Reading £kt6<; (with D,Ar, cf. Kunitzsch, Der Almagest no. 293 p. 270) for EKtoq (‘the sixth small star’) at H90,5. Corrected by Manitius. 

191 If the identification adopted here (which is that of P-K, Piazzi III 170) is correct, the magnitude of this star is 5.38, which casts doubt on the reading 
‘ 4 ’, particularly since Ptolemy emphasises that this is a small star. The reading 4 is confirmed by the sub-total for Taurus, but since that is probably an 
interpolation it proves only that the reading is ancient. Cl. p. 348 n.125. 

192 ‘32* is correct, since no. 21 is not counted, having already l>ecn recorded as part of Auriga. 


VII5. Constellation XXIII: Taurus VII5. Constellation XXIII: Taurus 





H82 


H84 


[Number in 
constellation]! 


15 

16 

17 

18 

19 

20 
21 
22 
23 


Description 


The slat over the left fool 
The star in the right loot 
The one south of the latter 

The northernmost of the 2 stars on the left knee-bend 
The southernmost of them 
The star on the right knee 

The northernmost of the two stars in the lower hem [ol 
The southernmost of them 
The star in advance of the three in the right hand, outside (of it] 
(23 stars, 4 of the third magnitude, 15 of the fourth, 4 of the fifth) 


(XXI] Constellation of Triangulum 
The star in the apex of the triangle 
The most advanced of the 3 on the base 
T he middle one of these 
The rearmost of the three 

14 stars, 3 of the third magnitude, 1 ol* the fourth) 


the sixth, 9 faint, 1 nebulous] 


(Constellations in the zodiac) 

[XXII] Constellation of Aries 
The more advanced of the 2 stars on the horn 
The rearmost of them 

The northernmost of the 2 stars on the muzzle 
The southernmost of them 



Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 


C P I6| 

+28 

3 

y And 


f P I7i 

+37) 

<4 

9 Per 


V I5i 

+35) 

>4 

51 And 1 " 


f P 12) 

+29 

4 

o And 


<P 12 

+28 

4 

T And 

i garment] 

r ioi 

+35) 

5 

<p And 

V 12) 

+ 34) 

5 

•49(A) And 

(of it] 

<P Hi 

+32] 

5 

*X And 

K 11! 

+44 

3 

o And 

he filth] 






¥ n 

+ 16] 

3 

a Tri 


¥ 16 

+20} 

3 

P Tri 


¥ 16} 

+ 19! 

4 

6 Tri 


¥ 162 

+ 19 

3 

1 y Tri 

it ude, 18 of 

s fifth, 13 of 






¥ 6j 

+7} 

<3 

y Ari 


¥ 71 

+8} 

3 

P Ari 


¥ 11 

+7} 

5 

r\ Ari 


¥ 11] 

+6 

5 

0 Ari 


s 


168 Also known as u Persei, but within the constellation Andromeda according to the modern boundaries. 


(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

5 

The star on the neck 

«P 6)’" 

+5] 

5 

t Ari 

6 

The star on the rump 

¥ 17! 

+6 

6 

v Ari 

7 

The star on the place where the tail joins [the body] 

<P 21) 

+42 

5 

t: Ari 

8 

The most advanced of the 3 stars in the tail 

<P 23) 

+ 1! 

4 

8 Ari 

9 

The middle one of the three 

V 25) 

+2] 

4 

£ Aii 

10 

The rearmost of them 

¥ 27 

+i2 

4 

I Ari 

11 

The star in the back of the thigh 170 

<P 19) 

*+i) m 

5 

p Ari 

12 

The star under the knee-bend 

<p 18 

-i] 

5 

o Ari 

13 

The star on the hind hoof 

¥ 15 

-5j 

>4 

•p Get 

14 

13 stars, 2 of the third magnitude, 4 of the fourth, 6 of the filth, 1 ol the 
sixth) 

Stars around Aries outside the constellation: 

The star over the head, which Hipparchus (calls] ‘the one on the 

¥ ioi 

*+I0 m 

>3 

(i Ari 

15-18 

15 

muzzle’ 172 

The 4 stars over the rump: 

the rearmost, which is brighter [than the others] 

¥ 21J 

+ 10i 

4 

41(c) Ari 

16 

the northernmost of the other 3, fainter stars 

¥ 2li 

+ 125 

5 

39 Ari 

17 

the middle one of these three 

¥ 19! 

+ 112 

5 

35 A. i 

18 

the southernmost of them 

¥ 192 

+ 10! 

5 

33 Ari 

1 

(5 stars, I of the third magnitude, 1 of the fourth, 3 of the fifth] 

[XXIII] Constellation of Taurus 

The northernmost of the 4 stars in the cut-oll 17< 

¥ 26} 

-6 

4 

5(1) Tau 

2 

The one close by this 

¥ 26 

-7j 

4 

4(s) Tau 


,s9 Manitius (see his note p. 401) changes to 6| without ms. authority. 

170 B has 6nto0i<p pt^ptp (‘the hind thigh’), which is also possible. However, the Arabic translations are based ondreto0opT]p<p, the reading adopted by 
Heiberg (see Kunitzsch, Per Almagest no. 261 p. 264). 

171 The variant l} is found in D,Ar, and is adopted by P-K. . . t 

172 VII 1 p. 324 (which has, however, ‘in (£v) the muzzle'), and Hipparchus, Comm, in Aral. 1.6.9 (ed. Manitius 58,22-3). 

173 Reading t (with D,Ar, adopted by P-K) for t / (10j) at H85,18. 

,7< d 7 toTOpiV Only the front half of the bull is represented. See e.g. Thiele PI. IV, and compare the similar phrase for Argo (XL 32). 


VII5. Constellations XX, XXI: Andromeda, Triangulum VII 5. Constellation XXII: Aries 





H96 


H98 


H100 


[Number in 


Longitude 

Latitude 


[Modern 

constellation] 

Description 

in degrees 

in degrees 

Magnitude 

designation] 


[XXV] Constellation of Cancer 





1 

The middle of the nebulous mass in the chest, called Praese|x ,2W7 

= lot 


neb. 

CGal 2632 
(Messier 44) 

2-5 

The quadrilateral containing the nebula [no. 1 j: 





2 

the northernmost of the two stars in advance 

23 7i 

+1 i 

<4 

q Cnc 

3 

the southernmost of the two stars in advance 

0 8 

-U 

<4 

8 Cnc 

4 

the northernmost of the rear 2 stars on the quadrilateral, which 
are called 4 Ascii f 209 

c iol 

+ 21 

>4 

y Cnc 

5 

the southernmost of these two 

nut 

-o£ 

>4 

6 Cnc 

6 

The star on the southern claw 

23 16j 

-5} 

4 

a Cnc 

7 

The star on the northern claw 

S3 8t 

tlli 

4 

1 Cnc 

8 

The star on the northern back leg 

23 2i 

+1 

5 

p Cnc 

9 

The star on the southern back leg 

{9 stars, 7 of the fourth magnitude, 1 of the fifth, 1 nebulous) 

= 71 

•-7i'- 10 

>4 

P Cnc 


Stars around Cancer outside the constellation: 





10 

The star over the joint in the southern claw 

*23 191"“ 

-21 

<4 

•n Cnc 

11 

The star to the rear of the tip of the southern c law 

23 211 

-5i 

<4 

ic Cnc 

12 

The more advanced of the two stars over the nebula and to the rear ol it 

23 14 


5 

*v Cnc 

13 

The rearmost of these [two] 

[4 stars, 2 of the fourth magnitude, 2 of the fifth) 

23 17 

*+4s 

5 

*5 Cnc 


207 <paTvq (‘manger’). Manitius and P- K identify this asc Cnc, which is indeed in the middle of the galactic cluster, hut Ptolemy is clearly not referring to 
an individual star. 

208 The variants 3 (B) and Of, i.e. flT (Ar) are found. The latter is adopted by P-K. 

209 ovot (‘asses’). 

2,0 On the large error in latitude see P-K no. 457 p. 102. 

2n Thevariant 19i is found in some Greek mss. (BC) and in the earlier Arabic tradition. According toS 40 the Ishaq translation and Thabil’s revision of it 
had 15{. Extant Arabic mss. (except for at-TiisVs revision, which has I5i) exhibit 19 j. If we accept the latter, the most probable identification is it Cnc 
(adopted by Manitius). P-K adopt 15}(!) anti identify the star as o' + o* Gnc. 

2,2 Following P-K and Manitius (who docs it without comment), I have dubiously transposed the latitudes of nos. 12 and 13, which then fit the actual 
positions ofv and § Gnc fairly well. There is no ms. authority for this.* 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

1 

[XXVI] Constellation of Leo 

The star on the tip of the nostrils 

23 18] 

+ 10 

4 

k Leo 

2 

The star in the gaping jaws 

23 2li 

+7{ 

4 

X Leo 

3 

The northernmost of the two stars in the head 

s 24i 

+ 12 

3 

p Leo 

4 

The southernmost of these 

23 24i 

+9i 

>3 

e Leo 

5 

The northernmost of the 3 stars in the neck 

n u i- u 

+ 11 

3 

C Leo 

6 

The one close to this, the middle one of the three 

n 21 

+8] 

2 

y Leo 

7 

The southernmost of them 

a oi 

+4! 

3 

q Leo 

8 

The star on the heart, called ‘Regulus’ 

a 2 ! 

+oi 

1 

a Ix:o 

9 

The one south of this, about on the chest 

n 31 

-l 2 

4 

31(A) Leo 

10 

The star a little in advance of the star on the heart [no. 8j 

n 0 

-oi 

5 

v Leo 

11 

The star on the right knee 

= 271 

0 

5 

y Leo 

12 

The star on the right front claw-dutch 214 

s 24l 

-3i 

*5 2,r> 

4 Leo 

13 

The star on the left front daw-dutch 

= 271 

-42 

4 

0 Leo 

14 

The star on the left [front] knee 

O 2 l 

-4i 

4 

7t Leo 

15 

The star on the left armpit 

n oi 

-oi 

4 

p Leo 

16 

The most advanced of the three stars in the belly 

n 7 

*4 

6 

46(i) Leo 

17 

The northernmost of the other, rearmost 2 

n iol 21 - 

+5{ 

6 

52(k) Leo 

18 

The southernmost of these [two] 

fl 121 

+2f 

6 

53(1) Leo 

19 

The more advanced of the two stars on the rump 

n nj 

+ 12i 

• 6 XI? 

60(b) Leo 

20 

The rearmost of them 

n Hi 

+ 13} 

<2 

5 Leo 

21 

The northernmost of the 2 stars in the buttocks 

•n hi 

+ 1 l2 

5 

*81 Leo 2 * 8 

22 

The southernmost of them 

n i<i! 

+9} 

3 

8 Leo 


2,3 The variant 4i occurs in the early Arabic tradition according to S 41. * 

2H 5pa£, literally ‘grasping hand’. The lion is represented with claws out and hooked, as in Thiele Fig. 26 p. 99. 

215 All mss. except D give magnitude (i here, lleilierg adopts 5 to reach agreement with the sub-total for the constellation. P- K adopt 6 here and 5 at no. 
19 (from the Arabic), perhaps rightly. 

216 The variant 13 occurs in the Arabic tradition (see S 42). 

217 Cf. n. 215 on no. 12. All Greek mss. have 6, but the Arabic tradition is unanimous for 5. If correctly identified as 60 Leonis, this star has, by modern 
definition and measurement, magnitude 4'.4. 

218 The identification is extrejnely uncertain: see P-K on no. 482, pp. 102-3. 81 Leonis is possible only il the longitude is emended to be greater than that 
of no. 22, for which there is no authority. 



VII 5. Constellation XXV: Cancer yjj 5 . Constellation XXVI: 






H92 


[Number in 
constellation] 

Description 


Stars around Taurus outside the constellation: 

34 

The star under the i ight foot and m the shoulder-blade 

35 

The most advanced of the 3 stars over the southern horn 

36 

I he middle one of the three 

37 

The rearmost of them 

38 

The noithernmost ol the 2 stars under the tip ol the southern horn 

39 

The southernmost of them 

40-44 

The 5 stars under and to the rear of the northern horn: 

40 

the most advanced 

41 

the one to the rear of this 

42 

the one to the rear again of the latter 

43 

the northernmost of the remaining, rearmost 2 

44 

the southernmost of these two 


[11 stars, 1 of the fourth magnitude, 10 of the fifth) 


[XXIV] Constellation of Gemini 

1 

The star on the head of the advance twin 

2 

The reddish star on the head of the rear twin 

3 

The star in the left forearm of the advance twin 

4 

The star in the same [left] upper arm 

5 

The one to the rear of that, just over the place between the shoulders 

6 

The one to the rear of this, on the right shoulder of the same [advance] 


twin 

7 

The star on the rear shoulder of the rear twin 

8 

The star on the right side of the advance twin 

9 

The star on the left side of the rear twin 


Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

25 

- 17 j 

4 

10 Tau 

8 20 19 * 

-2 

5 

t Tau 

•8 24 1#s 

-lJ 

5 

109(n) Tau 

b 26 

-2 

5 

U4(o) Tau 

b 29 

-6] 

5 

*126 Tau 

8 29 

-7} 

5 

*129 Tau 

8 27 

+0j 

5 

*121 Tau 

b 29 

+ 1 

5 

*125 Tau 

n i 

+ ii 

5 

*132 Tau 

n 2 j 

+3} 

5 

*136 Tau 

II 3j 

+u 

5 

*139 Tau 

n 23 J 

*+9j‘ 96 

1 

2 

a Gem 

n 26 i 

+6j 

2 

P < Jem 

n i6j 

+ 10 

4 

0 Gem 

n i8j 

+7} 

4 

T Gem 

n 22 

+5j 

4 

t Gem 

n 24 

+4j[ 

4 

u Gem 

n 26 j 

+2! 

4 

K Gem 

n 2 i! 

+21 

5 

57(A) (Jem 

*n 23i 197 

j *+0) 198 

5 

*58 (Jem 


OJ 

o 


Tallgren (see Kunitzsch, l)er Almagest no. 295 p. 270) suggested emending ica'i at H90,8 to tana (‘op|>osite the shoulder-blade’), loliowing the 
translation ol al*yaijaj. Ihis may be correct, but the rest of the Arabic tradition is based on teat (see Kunitzsch, ibn a$-Salah p. 59 n.91). 

194 The variant 16 is found in the earlier Arabic tradition according to S 57. ' 

195 Reading k 5 (with A'D and the later Arabic tradition, see S 38)for tea (21) at H9I,I0. Corrected by Manitius. 
l9€ D,Ar have the variant 9j, adopted by P-K. 

^ 97 Most Greek mss. have 2<>i. Heiberg’s text is the reading of D,Ar. The identilication of this star is very uncertain. 

9 Most mss., both Greek and Arabic, have 3. y' (j) appears in C and as a variant in A 1 , and is adopted by Heiberg and P-K. 


H94 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

10 

The star on the left knee ol the advance twin 

n 13 

+ li 

3 

e Gem 

11 

The star under 199 the left knee of the rear twin 

•n i8l 2 "“ 

-2i 

3 

£ Gem 

12 

The star in the left groin ol the rear twin 

n 2 i i 

-oj 

3 

6 Gem 

13 

The star over the bend in the right knee 201 ol the same [rear] twin 

•r:i 2i i 2 “ 2 

#_ 6 2in 

3 

X Gem 

14 

The star on the forward loot 204 of the advance twin 

H 6i 

-lj 

>4 

rj Gem 

15 

The one to the rear ol this on the same foot 

*n 8j 2o: ’ 

-li 

>4 

p (Jem 

16 

The star on the right foot of the advance twin 

n ioi 

-3j 

>4 

v Gem 

17 

The star on the left loot of the rear twin 

n 12 

-7j 

3 

y Gem 

18 

The star on the right foot of the rear twin 

j 18 stars, 2 of the second magnitude, 5 of the third, 9 ol the fourth, 2 ol 
the fifth) 

Stars around Gemini outside the constellation: 

n Hi 

- ioj 

4 

£ (Jem 

19 

The star in advance of the forward foot of the advance twin 

n 4 1 

-Oj 

4 

1(H) (Jem 

20 

The bright star in advance of the advance knee 

ii 6) 

+5$ 

>4 

K Aur 

21 

The star in advance of the Iclt knee ol the rear twin 

n i5i 

-2i 

5 

36(d) ( Jem 

22 

The northernmost of the three stars in a straight line to the rear of the 
right arm of the rear twin 

II 281 

-ll 

5 

*85 Gem 

23 

The middle one of the three 

I I 26 i 

-3j 

5 

•81(g) Gem 

24 

The southernmost of them, near the forearm of the [right] arm 

II 26 

-4j 

5 

*74(1) ( Jem 

25 

The bright star to the rear of the above-mentioned 3 
[7 stars, 3 of the fourth magnitude, 4 ol the filth) 


-2i 

4 

*£ Cnc 


199 D has un£p (‘over’), and this was the reading behind the Arabic (Tawqa’). 

200 P-K emend to 18i (the reading of Get; the rest of the Arabic tradition has I8l), on the grounds that the fraction i is not used in the longitudes (the only 
other examples are XXVII 17 and 29 and XXXIII36). But in X I (p. 469) Ptolemy gives the longitude of thisstaras IBJ°, and that position is confirmed by 

his subsequent computations. ... , , . 

201 dyjcuXrp This would normally mean ‘elbow*, and is so translated by Manitius. But the position ol the star on the ligure shows that it must be on the leg, 
and therefore we must refer it to the Ixmd in the leg (as in animal figures, e g. Aries, XXII 12). 

202 The variant 211 is found in D,Ar. , 

203 This is the reading of D,Ar (‘5’, F). Most Greek mss. have Z (j + i), which is very strange, as J is normally written as {T. 

204 ‘forward foot’: npdnooq, also used c.g. as the spur of a mountain. The twin is depicted with one foot (or leg) advanced before the other, npdnooq was 
used as a name for this particular star, see Hipparchus, Comm, in Aral . 3.4.12 (ed. Manitius 268,28). 

205 8l D,Ar, adopted by P-K. 

206 D has 3, adopted by Manitius. P—K adopt 5j (from Ger). All the Aiabic mss. I have seen have Oj. 


03 
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VII5. Constellation XXIV: Gemini VII5. Constellation XXIV: Gemini 





H108 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

20 

The star on the left knee 

^ 1 j 


5 

86 Vir 

21 

The star in the back of the right thigh 

m 28 

+8j 

5 

•90(p) Vir 

22 

The middle star of the 3 in the garment-hem round the leel 

•=2: 6j 

+7j 2, “ 

4 

t Vir 

23 

The southernmost of them 

^ 7l 

+2i 

+ni 

4 

k Vir 

24 

The northernmost of the three 

=2 8) 

4 

<p Vir 

25 

The star on the left, southern loot 

^ 10 

+0) 

4 

X Vir 

26 

The star on the right, northern foot 

{26 stars, 1 of the first magnitude, 6 of the third, 7 ol the fourth, 10 of the 
fifth, 2 of the sixth] 

Stars around Virgo outside the constellation: 

^ I2i 

+9 i 

4 

p Vir 

27 

The most advaneed of the three in a straight line under the left lorearm 

np 14 T 

-3{ , 

5 

X Vir 

28 

The middle one of these 

np 19 

-3i 

5 

vp Vir 

29 

The rearmost of the 3 

*np 22i 

-3j I 

5 

49 Vir 

30 

T he most advanced of the 3 stars almost on a straight line under Spica 

np 27i 

*-7i 24 ‘ 1 

6 

53 Vir 

31 

The middle one of these, which is a double star 

np 28l 

-8| 

5 

*61 + 63 Vir 242 

32 

The rearmost of the three 

{6 stars, 4 of the fifth magnitude, 2 of the sixth] 

^ 5 

-7j 

_1 

6 

89 Vir 


239 In part of the Arabic tradition the latitude is northerly (see S 52). 

240 Longitude: is the reading of D,Ar. Most Greek mss. have fi|. Latitude: Ibllowing P-K, 1 read ^ Z' (with all mss. except D) for£<;' (7i)at H 105,7. 

24, This is the reading of the Greek mss. P-K adopt 7i, found as a variant in the Arabic (L,L,T 2 , Ger). 

242 For this identification of the ‘double star’ (which it is not), see P-K no. 527 on p. 104. It is extremely dubious. 


VIII l. Constellation XXVIII: Libra 


1 j Tabular layout of the constellations in the southern hemisphere } 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

1-2 

1 

[XXVIII] Constellation of Libra 1 

Stars on the tip of the southern daw: 
the bright one 

^ 18 

+01 

2 

a Lib 

2 

the star to the north of this and fainter than it 

^ 17 

+2J 

5 

|4 Lib 

3-4 

3 

Stars on the tip of the northern claw: 
the bright one 

^ 22i 

+84 

2 

p Lib 

4 

the faint star in advance of this 

^ i7i 

+8i 

5 

8 Lib 

5 

The star in the middle of the southern claw 

^ 24 

-ii 

4 

t Lib 

6 

The one in advance of this on the same daw 

2 211 

+iJ 

4 

v Lib 

7 

The star in the middle of the northern daw 

=2 27 i 

+4J 

4 

y Lib 

8 

The one to the rear of this on the same daw 

m, 3 

+3} 

<4 

0 Lib 

9 

{8 stars, 2 of the second magnitude, 4 of the fourth, 2 of the fifth] 

Stars around Libra outside the constellation: 

The most advanced of the 3 stars north of the northern claw 

=2= 26j 

+9 


37 Lib 

10 

The southernmost of the rearmost 2 [of these) 

nv 3i 

+6! 

<4 

48 Lib 

11 

The northernmost of them 

nV 44 

+9J 

<4 

4 Sco 

12 

The rearmost of the 3 stars between the claws 

m, 3l 

+o! 

6 

X Lib 

13 

The northernmost of the other 2 in advance (of the latter] 

in, oi 

*+oj 2 

5 

*41 Lib 3 



‘XijXai, literally ‘claws’ (of Scorpius). Both £uyo<; (‘balance’, hence Libra) and xn^ ai a,e found in the Greek texts, but Ptolemy always uses the latter 
except at IX 7 (H267,14), which is a quotation from an earlier observation. See Boll-Gundel cols. 963-5. 

2 The variant 3 is found in the Greek ms. B and in part of the Arabic tradition (see S 53). 

3 The identification of nos. 13 and 14 is highly uncertain. The stars I have designated are in approximately the same relative positions as Ptolemy 
indicates. But, if the identifications arc correct, why does Ptolemy mention K Lib? P-K identify as K Lib and 0 h Arg 14782 (which is/WC5810, adopted 
by me), Manitius as 41 Lib and k Lib. Another problem is the magnitudes: k is 4.72, 41 is 5.38, and BSC 5810 only 5.94. 



VII5. Constellation XXVII: Virgo 






HI 02 


H104 


(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

23 

The star in the hind thighs 219 

n 2oi 

+5$ 

3 

i Leo 

24 

The star in the hind leg-bends 

n 2i i 22 ° 

+ li 

4 

G Leo 

25 

The one south of this, alxmt in the lower legs 

n 24 j 

-o *' 

4 

T Leo 

26 

The star on the hind daw-clutches 

ft 27] 

*-3] 221 

5 

0 Leo 

27 

The star on the end of the tail 

{27 stars, 2 of the first magnitude, 2 of the second, 6 of the third, Hof the 
fourth, 5 of the fifth, 4 of the sixth} 

Stars around Leo outside the constellation: 

ft 24 i 

+ 11*' 

<1 

P Leo 

28 

The more advanced of the 2 over the back 

n 6- 2 - 

+ 13] 

5 

41 LMi 

29- 

The rearmost of them 

n at 

+15) 

5 

54 Leo 

30 

The northernmost of the 3 under the flank 

n ol 

+ 1 1 

<4 

X I-eo 

31 

The middle one of these 

n ni 

-oi 

5 

59(<) Leo 

32 

The southernmost of them 

n is 

-21 

5 

58(d) Leo 

33 

The northernmost part of the nebulous mass between t lie edges of Leo 
and Ursa |Major}, called Coma fBerenices} 22 * 

n 24 s' 

+30 

#f224 

•15(c) Com 

34 

The most advanced of the southern outrunners of Coma 

n 24] 

+25 

f. 

•7(h) Com 

35 

The realmost of them, shaped like an ivy leaf 

{5 stars, 1 of the fourth magnitude, 4 of the fifth, plus Coma) 

|XXV1I| Constellation ol Virgo 

ft 28) 

+25) 

f. 

*23(k) Com 

1 

The southernmost of the 2 stars in the top of the skull 

*n2«i]“ 

+4i 

5 

v Vir 

2 

The northernmost of them 

•ft 27 

+5i 

5 

^ Vir 


2,9 The lion is represented wiili l>oih hind legs together. (T. nos. 24 to 26, and e.g. Thiele Fig. 26 p. 99. 

220 The variant 24) occurs in the (ireek (A'D) and later Arabic, traditions (see S 43). 

221 Reading y <;' (with 1), adopted by Manitins) lory e ' (3)) at HI 01,6. The latter fraction would lie unique in the whole catalogue. The Arabic tradition 
(see S 44) varies between (){ and 3. I'-K adopt the latter, whic h might be correct. 

222 The variant 0| occurs in the later Arabic tradition (see S 45). 

223 One can make out many ol the stars of this cluster with the naked eye. Hut it is dubious whether one should identify the points named by Ptolemy with 
individual stars, as 1 have done following Manitins and P-K. For here Ptolemy uses the neuter (to popciOTCrrov), not the masculine (which would imply 
doiqp, ‘star’). The group was named nXoKupoc; (dock’) in honour oft he loc k of Berenice by Conon: see the poem of Callimachus, Aelia fr. 110. 

224 Oi» the peculiar designation of the magnitude in most (ireek mss., namely apaupoq (‘laint’) with Xapitpoq (‘bright’) over it, see P-K p. 103. 

225 The longitude of no. I should Ik: greater than that of no. 2, but the only alternative ms. reading lor the longitude of no. 1 ,25 (A‘BC) is even smaller. 

Hence P-K interchange the longitudes of the two stars. Manitins (p. 403) would prefer to correct the longitude ol no. 2 to 26. 


oo 

00 


p 

e 


© 

a 

5 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

3 

The northernmost of the 2 stars to the rear of these, in the line 

n oi 

+8 

5 

o Vir 

4 

The southernmost of them 

"R oi 

+5) 

5 

71 Vir 

5 

The star on the lip of the southern, left wing 

n 29 

*+oi 22 * 

3 

P Vir 

6 

The most advanced of the 4 stars in the left wing 

TTB 8j 

•+l) 227 

3 

q Vir 

7 

The one to the rear of this 

nt 13] 

+2*' 

3 

y Vir 

8 

The one to the rear again of this 

hr 17] 

•+2] 22 “ 

5 

*46 Vir 

9 

The last and rearmost of the 4 

ntt 21 

+ 1} 

4 

0 Vir 

10 

The star in the light side under the girdle 

nt I4] 22 ’ 

+8] 

3 

6 Vi. 

11 

The most advanced of the 3 stars in the right, northern wing 

HR 8l 

•+13] 230 

5 

p Vir 

12 

The southernmost of the other 2 

UR I0) 231 

+ni 

6 

32(d 2 ) Vi. 

13 

The northernmost of these, called ‘Vindcmiati ix’ 232 

HR 12] 

•+I5] 233 

>3 

£ Vl. 

14 

The star on the left hand, called ‘Spica’ 234 

1TB 261 

-2 

1 

a Vn 

15 

The star under the apron, 23 * just about over the light bullock 

nj? 24*' 

+81 

3 

C v.« 

16-19 

The quadrilateral in the left thigh: 234 * 





16 

the northern star on the advance side 

HB 26) 

+3] 

5 

*74(l 2 ) Vii 

17 

the southern star on the advance side 

•fiB 27) 

+01 231 

6 

•76(h) Vir 

18 

the northernmost of the 2 stars on the rear side 

^ 0 

+li 

<4 

*82(rn) Vir 

19 

the southernmost star on the rear side 

nB 28 

_ 3 V.» 

5 

•68(i) Vir 


226 Reading at H103,7 lory' (Oj), the reading of D. 0i is the reading of the Greek mss. BC (confirmed by CCAG 1 cod. 12 I.142\ 13) and the later 
Arabic tradition (see S 46). It is adopted by P-K. A and the rest ol the Arabic tradition have 6. 

227 Readinga (with all mss. except D) for a Z' (l j) at H103,8. Corrected by P-K. 

228 Reading P Z' y' (with all rnss. except 1), l 2i’ and T, ‘2;10’) lor p Z ' (2j) at H103J0. Corrected by P-K. 

229 The variant 11 j occurs in the early Arabic tradition according to S 47. 

230 The variant 13|, adopted by P-K, is the reading of Ar. 

231 The variant 16 is found in the Greek (A‘BC) and later Arabic traditions (see S 48). 

232 npotpuyriT^p, ‘the harbinger ol vintage’. 

233 This is the reading of D,Ar. The other Cheek mss. have 20l. P-K adopt 16 on no ins. authority. 

234 OTdxt>£, an ear of wheal or other cereal. 

235 n£p'i£(opa (clothing worn alxjul the loins), probably dilferent from the ^<ovr| (girdle) in no. 10 

236 P-K and Manilius agree on the identilication of these lour stars, hut as Manitius [xmils out (p. 403), it is hard to see them as forming any kind of a 
‘quadrilateral’. To remedy this P-K (no. 515 p. 104) suggest an implausible interchange in the coordinates of nos. 19 and 20. 

237 The variant 6 is Ibund in part of the Arabic tradition (see S 49). 

238 The variant Oj is Ibund in the Arabic tradition (see S 51). 
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HI 14 


HI 16 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

10 

The middle one of these 

J 175 

+ l! 

4 

o Sgr 

11 

The rearmost of the three 

t 1 si 

+2 

4 

it Sgr 

12 

The southernmost of the 3 stars in the northern cloak-attachment 1 ‘ 

t 211 

+2$ 

5 

43(d) Sgr 

13 

'I'he middle one of these 

? 22 \ 

+4i 

4 

P Sgr 

14 

The northernmost of the three 

t 22$ 

+f>! 

4“ 

u Sgr 

15 

I'he faint star to the rear of these three 

*1 25i li 

+5$ 

6 

55(e) Sgr 

16 

The northernmost of the 2 stars on the southern cloak-attachment 

? 2 a! 

+5$ 

5 

61(g) Sgr 

17 

The southernmost of them 

1 27 5 

+2 

6 

*57 Sgr 

18 

'I'he star on the right shoulder 

V 22 i ,to 

-1$ 

5 

V Sgr 

19 

I'he star on the right elbow' 

l 24$ 

-2$ 

4 

*51(h‘) + 52(h 2 ) Sgr 

20-22 

"I'he three stars in the back: 





20 

the one just alx>ve the place between the shoulders 

l 20 

-2i 

5 

V Sgr 

21 

the middle one, just above the shoulder-blade 

t 175 

-4! 

>4 

t Sgr 

22 

the other one, under the armpit 

t 16 j 

-6i 

3 

C Sgr 

23 

The star on the front left hock 

l 175 

-23 

2 

# P' + P 2 Sgr 

24 

The one on the knee of the same leg 

/ 17 

-18 

<2 17 

a Sgr 

25 

The star on the front right hock 

t 6j 

-13 

3 

9 Sgr 

26 

The star on the left thigh 

T 271 

-13! 

3 

V + ic 2 Sgr 


,3 feq>a7iTiQ. This word is mistreated in the dictionaries. It is a piece of cloth which was attached (hence the name) to a mounted soldier’s cloak at the 
shoulder, and which was, in theory, used to wrap round the arm as a guard (defined by Pollux IV 1 16, ed. Bethe I 235, auaxpe|ipdiiov noptpupdCv x\ 
(potvucoDv, 6 Ttept xf|V X^P 01 £tyov ot JioXcpoOvte^ fj ot OrjpOvTei;), hut in practice was largely decorative, being often of purple or embroidered (sec 
Athenaeus V 194f and 1961, passages from Hellenistic authors), and streaming free Irom the shoulder as the wearer galloped. This is how it (or they, one on 
each shoulder) appeared in the depictions of Sagittarius (eg. Thiele Fig. 42 on p. 117), where they may be a ( heck adaptation of the wings of a Babylonian 
original (see e.g. King, Babylonian Boundary Stones PI. XXIX A; but it is only a plausible conjecture that this figure represents a constellation. See Seidl, 
Kudurru-Reliefs 177, wilhlurihcr literature). Hus attribute oi Sagittarius is as early as Hipparchus (e.g. Comm. in Aral. 2.5.16,ed. Manilius 198,27). Ido not 
know whether Hephaestion (ed. Pingree 1,3,10), in referring to ‘wings or cloak-attachments', preserves a Babylonian tradition or is misinterpreting a 
picture of Sagittarius. 

H S 56 records the variant 1 (!) in the earlier Arabic tradition. 

15 25i in some Greek mss. 255 in AD,Ar. 

,b Ar has 22 j, adopted by P-K. 

17 For the variants 3 and 4 in the Arabic tradition see S 58. 
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[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

27 

I'he star on the right hind lower leg 

26$ ,a 

*-20i ls 

3 

t Sgr 

28-31 

28 

The lour stars [lorming a (juadi ilateral j in the place where the tail joins 
[the body]: 

the advance star on the northern side 

•f 27 i 20 

-4$ 

5 

o> Sgr 

29 

the rear star on the northern side 

? 28* 

-4$ 

5 

60(A) Sgr 

30 

the advance star on the southern side 

} 28$ 

-5$ 

5 

59(b) Sgr 

31 

the rear star on the southern side 

f 29 i 

-6! 

5 

62(c) Sgr 

1 

(31 stars, 2 of the second magnitude, 9 of the third, 9 of the fourth, 8 of 
the fifth, 2 of the sixth, [1J nebulous) 

(XXXI) Constellation of (’apricot nus 
'I'he northernmost of the 3 stars in the rear horn 

io> 7 i ; 

+7i 

3 

a 1 + a 2 Cap 

2 

'I'he middle one of these 

75 

+61 

6 

v Cap 

3 

'I'he southernmost of the three 

7! j 

+5 

3 

P Cap 

4 

The star on the tip of the advance horn 

*l> 5-‘ 

+8 

6 

V + t? Cap 

5 

The southernmost of the 3 stars in the mu/./lc 

V> 9 


6 

o Cap 

6 

The more advanced of the other two 

V* 85 

+ 1 3 

6 

n Cap 

7 

'I'he rearmost of these 

8$ 

+li 

6 

p Cap 

8 

I'he star in advance of the [al>ovc] 3, under the l ight eye 

6$ 

+05 

5 

o Cap 

9 

The northernmost of the 2 stars in the neck 

V> 115 

+3$ 

6 

T Cap 

10 

fhe southernmost of them 

V>> 11$ 

*+o$~ 

5 

o Cap 

n 

The star on the left, doubled-up knee'* 

ill 

-85 

4 

to Cap 

12 

The star under the right knee 

l£> 10$ 

-6! 

4 

y Cap 

13 

The star on the left shoulder 

V> 165 

-75 

4 

24(A) Cap 

14 

The more advanced of the 2 stars close together under the belly 

V> 20i 

-6$ 

4 

C Cap 


ia Reading k <; Z* y' (with Ar, adopted by P-K) lor tcy Z' y' (23$) at HI 15,18. 

19 Most Greek mss. have K<; (26). 20i is the reading of Ar (except lor T\ which agrees with D in 4$). 

20 This is the reading of D,Ar. Most Greek mss. have 271. 

21 This is the reading of D and most of the Arabic tradition (L,T,F). The other Greek mss. and some Arabic (Ger) have 9. 
22 This is the reading of D,Ar. Other Greek mss. have Z' <;' (1 + i), but that is not the way 5 is normally written. 

25 Compare Thiele Fig. 41«on p. 116, where, however, it is the rii>ht knee which is doubled up (cl. introduction p. 15). 
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HliO 


HI 12 


(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modem 

designation] 

14 

The southernmost of them 

TTVr U 

-u 

4 

•BSC 5810 

15 

The most advanced of the 3 stars south of the southern daw 

^ 23 

-7i 

3 

20 Lib 

16 

The northernmost of the other, rear 2 

n\. 1 i 

*-8i* 

4 

39 Lib 

17 

The southernmost of them 

{9 stars, 1 of the third magnitude, 5 of the fourth, 2 of the fifth, 1 of the 
sixth) 

jXXlX] Constellation of Scorpius 

nv. 2 

-9j 

4 

40 Lib 

1 

The northernmost of the 3 bright stars in the forehead 

nv 6} 

tlj 

3 

f) Sco 

2 

The middle one of these 

nv sj 

~ii 

3 

8 Sco 

3 

The southernmost of the three 

nv 5j 

-5 

3 

n Sco 

4 

The star south again of this, on one of the legs 

nv 6 

~n 

3 

p Sco 

5 

The northernmost of (lie 2 stars adjacent to the northernmost of the [3] 
bright ones (no. 1 j 

nv 7 

►1 i 

4 

v Sco 

6 

The southernmost of these 

nt 6} 

iOl 

4 

*(i)* + to 2 Sco 

7 

The most advanced of the 3 bright stars in the body 

nv lOj 

-3l 5 

3 

a Sco 

8 

The middle one of these, which is reddish and called ‘Antares’ 

nv 12j 

-4 

2 

u Sco 

9 

The rearmost of the 3 

nv I4j 

■5l 

3 

x Sco 

10 

The advance star of the 2 under these, approximately on the last leg 

nv 9j 

*-6l“ 

5 

13(c 2 ) Sco 

11 

The rearmost of these 

nv 10j 

-6i 

5 

d Sco = BSC 6070 

12 

The star in the first (tail-] joint from the body 

m,iBj 

-11 

3 

£ Sco 

13 

The one after this, in the 2nd joint 

m. ia| 

-15 

3 

p 1 + p 2 Sco 

14 

The northern star of the double-star in the 3rd joint 

•nv 20i 

*-18 

4 

*c 2 Sco 7 

15 

The southern star of the double-star 

•nv 20 

*-181 

4 

*C Sco 

16 

The one following, in the 4th joint 

nv 23l 

-19} 

3 

rj Sco 


4 This is the reading of all Greek mss. except D, which has 8i (so too Ar, adopted hy P-K). 

5 S 54 records the variant (>J in the Syriac version. 

6 The variant is found in D,Ar. 

7 It is generally agreed that nos. 14 and 15 are to l)e identified with and Sco, but it is not clear which is which. Purlhermore what Ptolemy calls the 
southern one has (in the mss.) a more northerly latitude (-18°) than what he calls the northern one (-18 j°). I have there lore, dubiously, reversed the data of 
14 and 15. Manitius reverses the latitudes only. P-K (no. 560 on p. 105) identify 14 as and 15 as emending -18 to -19. Everything is uncertain. 
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(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

17 

The one after that, in the 5th joint 

HV 28i 

-18 1 

3 

6 Sco 

18 

The next one again, in the 6th joint 

t 0) 

-16j 

3 

t‘ Sco 

19 

The star in the 7th joint, the joint next to the sting 

nv 29 

-1 Si 

3 

K Sco 

20 

The rearmost of the 2 stars in the sting 

nv 27 J 

-13} 

3 

X Sco 

21 

The more advanced of these 

{21 stars, 1 of the second magnitude, 13 of the third, 5 of the fourth, 2 of 
the fifth] 

Stars around Scorpius outside the constellation: 

nv 27 

-13} 

4 

u Sco 

22 

The nebulous star to the rear of the sling 

t li 

-I3i 

neb. 

G Sco + (Kilo 6441“ 

23 

The most advanced of the 2 stars to the north of the sling 

nv25j 

-hi 

>5 

45(d) Oph 

24 

The rearmost ol them 

{3 stars, 2 of the filth magnitude, 1 nebulous) 

(XXX j Constellation of Sagittarius" 

*nv 29i 9 

*-4i 10 

5 

*3 Sgr 

1 

The star ou the jx>iiil of the arrow 

T 4j 

-6} 

3 

Y Sgr 

2 

The star in the |l>ow-(grip held by the left band 

1 7i 

-6} 

3 

8 Sgr 

3 

The star in the southern portion of the Ijow 

l 8 

-10 1 

3 

e Sgr 

4 

The southernmost of the (2] stars in the northern portion of the bow 

1 9 

-li 

3 

X Sgr 

5 

The northernmost of these, on the tip of the lx>w 

l 6i 

+2j 

4 

p Sgr 

6 

The star on the left shoulder 

l 15t 

—3 To 

3 

a Sgr 

7 

The one in advance of this, just over the arrow 

t 13 

*-3 j 12 

4 

9 Sgr 

8 

The star on the eye, which is nebulous and double 

} 15i 

+Qi 

% neb. 

v* + v 2 Sgr 

9 

The most advanced of the 3 stars in the head 

? I5i 

+2l 

4 

V Sgr 


“Manitius identifies this as G Scorpii, P-K as y Telescopii, an obsolete designation which is the same as G Scorpii (&VC6630). But the description 
‘nebulous’ obviously includes the globular cluster (cf. P-K no. 567 p. 105 and Burnham III 1689). 

“Reading »c0 L* (with Ar) for K£ Z' (25$) at 11113,7. This correction, adopted by P-K, is confirmed by the description (‘to the rear’, cl. no. 23). 
‘“This is the reading of D,Ar. Most Greek mss. have 11. The identification depends on the coordinates one adopts With those of the translation, 3 Sgr 
(adopted by P-K) seems right. 

“The archer, represented as a centaur. 

12 The variant 3t, found in the Arabic (L,T 2 ,E, tier), is adopted by P-K. 
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H122 


H124 


H126 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

24 

the one next to the latter towards the south 

~ 14s 

+o| 

4 

X Aqr 

25 

the one next to this, after [the beginning of[ die bend ’ 6 

~ 175 

-u 

4 

83(h) Aqr 

26 

the one to the rear again of this 

~ 20 

-o! 

4 

<p Aqr 

27 

the one in the IxmhI to the south of this 

- 20 j ” 

-15 

4 

X Aqr 

28 

the northernmost ol the 2 stars to the south of this 

a? 19 

-3! 

4 

V* Aqr 

29 

the southernmost ol’ the two 

~ 195 

-4 1 

4 

*y 3 Aqr 

30 

the lone star at some distance from these [two [towards the south 

a? 20 $ 

- 8 ! 

5 

•BSC 8958 18 

31 

the more advanced of the 2 stars close together alter the latter 

225 49 

-11 

5 

CO* Aqr 

32 

the rearmost of them 

ar 23| 

-lOl 

5 

u > 2 Aqr 

•103(A‘) + 104(A 2 ) 

33 

the northernmost of the 3 stars in the next group 

ar 215 

-14 

5 

34 

the middle one of the three 

a? 22 i 

-145 

5 

Aqr 

I06(i') Aqr 

35 

the rearmost of diem 

~ 23 i 

-155 

5 

*108(1*) Aqr 

36 

the northernmost of the next 3 [arranged[ likewise 

ar 17 

-l4i 

4 

98(l»‘) Aqr 

10l(b‘) Aqr 

37 

the southernmost of the three 

- 18{ 

-155 

4 

38 

the middle one of the three 

ar 17! 

-15 

4 

99 (b 2 ) Aqr 

39 

the most advaneed of the 3 stars in the remaining group 

~ n5 

*-145 40 

4 

86 (c‘) Aqr 

40 

the southernmost of die other 2 

~ 121 

“15} 

4 

89(c‘) Aqr 

41 

the northernmost of them 

~ 135 

-14 

4 

88 (c'*) Aqr 

42 

the star at the end of the water and on the mouth of Pisris 
Austi'iuus 

[42 stars, 1 of the first magnitude, 9 of the third, 18 of die Ibuilh, 13 of 
the fifth, 1 of the sixth} 

~ 7 

-20 i 41 

1 

a PsA 


^This is the best sense I ran make ol peta xqv Kapnqv. pcxd hi re cannot be the equivalent olfcnopevoq, as in Pisces (XXXIII) no. 29, and the situation 
of the star forbids us to translate ‘after the ixnd\ lor the star actually in the bend comes later (no. 27). 

37 The variant 10i was in the Syriac version according to S 62. 

38 This identification is my proposal. P-K prefer 94 Aquarii, but this involves so great a longitudinal error that Peters had to emend the longitude to 17 
on no authority. 

39 This is the reading of D,Ar; most Greek mss. have 221. 

40 The identification of nos. 39-41 is not in doubt. But the latitude olHfiAqris considerably to the south of 89 Arp. Hence Manitius (p. 405) interchanges 
the latitudes of nos. 39 and 40. P-K, more plausibly, emend the latitude of 39, but their emendation, 16 J, is palaeographically implausible as well as 
without authority (the only plausible variant is 146 in l),Ar, which is still too small). Against making any change is Ptolemy’s description. Ifno. 39 is indeed 
south of no. 40, why did he not simply describe it as the southernmost of the three? Probably he got the latitude of no. 39 wrong. 

41 The variant 23 is found in the Greek (I)) and Arabic traditions (see S 63). 
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HI 


HI 


[Number in 
constellation] 


43 

44 

45 


1 

2 

3 

4 

5 

6 

7 

8 

9-18 

9 

10 

11 

12 

13 

14 


Description 


Stars round Aquarius outside the constellation; 

The most advanced of the 3 stars to the rear of the Ixnd in the water 

The northernmost of the other 2 

The southern most of them 

(3 stars of magnitude greater than the ihurth) 


[XXXIII) CConstellation of Pist es 
The star in the mouth of the advance fish 
The southernmost of the 2 stars in the lop of its head 
The northernmost of them 
The more advanced ol the 2 stars in the back 
The rearmost of them 

The more advanced of the 2 stars in the belly 
The rearmost of them 

The star in the tail of the same [advance) fish 
The stars lorming its fishing-line; H 
the first after the tail 
the one to the rear 45 

the most advanced of the 3 following bright stars 
the middle one of these 
the rearmost of the three 

the northernmost of the 2 small stars under these, in the bend 


Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

(Modern 

designatio 

a: 265 

-15} 

>4 

2 Get 

a? 295 

-145 

>4 

6 Cel 

a? 29 

-181 

>4 

7 Get 

ar 215 

+9i 

# 412 

P Psc 

ar 24{ 

+7!” 

4 

y Psc 

ar 26 

+9$ 

4 

7(b) Psc 

ar 28i 

+9! 

4 

0 Psc 

X 05 

+7! ! 

4 

t Psc 

a? 26 

+4! ! 

4 

tc Psc 

a: 295 

+3! 

4 

X Psc 

X 6 

+61 

4 

0 ) Psc 

X II 

+55 

6 

41(d) Psc 

X 13 

+35 

6 

51 Psc 

X 174 

+25 

4 

5 Psc 

*X 20! 4b 

+ 1 6 

4 

e Psc 

X 23 

*-oi 47 

4 

c Psc 

*X 22l 4H 

-2 

6 

80(e) Psc 


42 A and most Arabic inss. have > 4. 

43 The variants 75 and 9i are found in the Arabic tradition (see S 64). „ 

44 The line joining the tails of the two fishes: see Thiele Fig. 35 on p. 110. In lact there are two lines joined in a knot (see no. 19). 

45 Perhaps one should emend autwv at HI 24,19 lociuTCp (‘the one u> the rear of the latter’). For no. 10 is not the rearmost ol all the stars on the fishing-line 
(nos. 9-18), but only of the first two. 

46 20$ D,Ar, 204 the other Greek mss. 

47 The Greek mss. have 6 . Heiberg adopted Oi from a conjecture of Bode. It was in fact the reading ol the older Ma mOn version according to 55. 1 he 
reading ij, found in some mss. of both the al-Hajjaj and Tliahit versions (ibid), and in Ger, is also possible. 

48 221 BC,F,T; 22i A'D^Ger. 







[Numl>cr in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 
designat km] 

15 

The rearmost of these 

20(-'* 

-6 

5 

36(h) Cap 

16 

The rearmost of the 3 stars in the middle of the body 

18 J 

-4j 

5 

<p Cap 

17 

The southernmost of the other, advance 2 

16? 

-4 

5 

X Cap 

18 

The northernmost of them 

v> ifii 

-2$ 

5 

>1 Cap 

19 

flic more advanced of the 2 stars in the back 

k> )6? 

-0’ r> 

4 

0 Cap 

20 

The rearmost of them 

V> 21 

-Oi 

4 

t (Up 

21 

file more advanced of the 2 stars in the southern spine’*' 

v>‘ 231 

-4i 

4 

£ Cap 

22 

The rearmost of them 

10* 25 

-4l 

4 

k Cap 

23 

The more advanced of the 2 stars in the section [of the Ixxly j next to the 
tail 

24r' 7 

-2 i 

3 

r nip 

24 

file rearmost of them 

V> 26 1 

-2 

3 

6 Cap 

25 

The most advanced of the 4 stars on the northern portion of the tail 

10* 26$ 

id 

4 

42(d) (Up 

26 

The southernmost of the other 3 

V> 28? 

♦ 0 

5 

p Cap 

27 

The middle one of these 

27? 

• 2$ 

5 

X Cap 

28 

The northernmost of them, on the end of the tail-fin’ 8 
{28 stars, 4 of the third magnitude, 9 of tlu* fourth, 9 of the filth, 6 of the 
sixth] 

[XXXII j Constellation of Aquarius 

V>' 28? 

♦ 4j 

5 

46(c‘) Cap 

1 

The star on the head of Aquarius 

5? Oi 1 

+15i’ s 

5 

25(d) Aqr 

2 

The bl ighter of die 2 stars in the right shoulder 

~ fi ! 

fll 

3 

a Aqr 

3 

The fainter one, under it 

- 5$ 

♦95 1 

5 

o Aqr 

4 

The star in the left shoulder 

26 i 


3 

PA<,r 


24 The variant 23 occurs in the later Arabic tradition (see S 59). 

25 The direction ‘south’ attached to the coordinate ‘0’ perhaps indicates that the star is very slightly south oft hi ecliptic. Contrast no. 26. 

26 ‘Spine’ (aicdvOq) here means a projection Irom the fish-tail. Manitius (p. 404) emends vot'ttp (‘southern’) to voma'tg ‘the spine on [projecting 
from] the back’), comparing ii 128,1 eni Ttfc vtiiitulag dtcdvOq;, arid Ml 66,22 tm Ttj<; vuma'un; voriou dkdvOqq. Although the conjecture is superficially 
attractive, the location o! this projection on the figure seems indeed to be south of the main tail: see Thiele Fig. 41 on p. 116. 

27 2l| all Greek mss. except A. 24$ Ar. 

28 For this meaning of oupaTov cf. (ictus (XXXIV) nos. 21 and 22, and LSJ s.v. ouputot; 2. 

29 The variant 5^ occurs in the earlier Arabic tradition according to S 60. 

30 The Syriac translation had the variant 18$ according to S 61. 
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[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modem 

designation] 

5 

The one under that, in the hack, approximately under the armpit 

k> 271 

+ «i 

5 

\ Aqr 

6 

The rearmost of the three stars in the left arm, on the coat 

V> 17? 

+5j 

3 

V Aqr 

7 

The middle one of these 

V> KiJ 

+8 

4 

M Aqr 

8 

The most advanced of the three 

145 

+8? 

3 

£ Aqr 

9 

The star in the right forearm 

sr 9j 

+84 

3 

y Aqr 

10 

The northernmost of the 3 stars on the right hand 

~ II? 

+10$ 

3 

n Aqr 

11 

The more advanced of the other 2 to the south* 1 

~ 12 

+9 

3 

C Aqr 

12 

'flic rearmost of them 

- I3i 

+8] 

3 

n Aqr 

13 

The more advanced of the 2 stars close together in the hollow of the 

~ 6$ 

+3 

4 

0 Aqr 

14 

right jhip| 

The rearmost of them 

- 7 

*+3l‘ 2 

5 

P Aqr 

15 

The star on the right buttock 

~ 8? 

-0$ ; 

4 

0 Aqr 

16 

The southernmost of the 2 stars in the left buttock 

.r 1? 

- 1 ? 

4 

l Aqr 

17 

The northernmost of them 

•~ 3$ 

*!()$“ I 

6 

38(e) Aqr 

18 

The southernmost of the 2 stars in the right lower leg 

~ M? 

-7i 

3 

5 Aqr 

19 

The noil he rru nost of them, under the knee-bend 

~ Mi 

-5 

4 

t Aqr 

20 

The star in the hack of the left thigh 

4? 

-5? 

5 

53(1) Aqr 

21 

The southernmost of the 2 stars in tin* left lower leg 

* al 

-10 

5 

68(k 2 ) Aqr 

22 

The northernmost of these, under the knee 

~ 7$ 

-9 

5 

6ti(g') Aqr 

23-42 

23 

The stars on (lie flow of water: 

the most advanced |in the section] beginning at the hand 44 

15 

+2 

4 

*K Aqr 35 


31 Reading vot'kov for popr/ituv (‘to the north’) at HI20,10. Although all (deck mss. have (lopc'uov, the sense requires the emendation, which is 
confirmed unanimously by the Arabic translations. 

32 p Aqr should have a latitude somewhat to the south of 0 Arp-(no. 13). Mcucc Manitius (p.404) interchanges the latitudes of 13 and 14. Perhaps it would 
he preferable to adopt, for 14, the latitude 2$, found in F, Gcr. 

35 1)T have ‘southerly’ for the latitudinal direction (adopted by Manitius). The reading 4 is lound in all Arabic mss. 1 have examined. 

34 ! lake this to mean ‘the most advanced in the section up to the I tend’; lor it cannot mean ‘the most advanced in the whole flow of water’, since the stars 
at the bottom of the flow (eg. no. 12) are certainly ‘in advance* of no. 23. Hut perhaps one should read xptoroc (‘fiist’): A has up ', BC np; cf. the exactly 
similar formulation Pisces (XXXIII) no. 20, where TtpoivyoOpevog cannot he interpreted as here (see n.5l there). 

3S If this star is correctly identified as K Aqr, the coordinates are considerably in error. For the various solutions which have been proposed see Manitius p. 
404 and P-K p. 106 nos. 651 and 652. Although no. 23 has a greater longitude than no. 24 it is ‘the most advanced’ of nos. 23-6. For when one converts 
Ptolemy’s coordinates to right ascension and declination (with £ - 23;5I,20°) one finds a(23) = 316;56° and a(24) = 317;20°. Cf p. 340 n.93. 
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VIII1. Constellation XXXI: Capricornus 






HI 32 


HI 34 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

7 

8-11 

The one in advance of this, about on the mane 

The quadrilateral in the chest: 

#cp 7 j*»i 

-4 i 

4 

C Cel 

8 

the northernmost star on the advance side 

°P 3 

-241 

4 

p Cet 

9 

the southernmost one on the advance side 


-28 

4 

a Cet 

11 

the northernmost one on the rear side 

<P 61 

-25i 

4 

e Cet 

11 

the southernmost one on the rear side 

T 7 

-27 i 

3 

Tt Cet 

12 

The midmost of the 3 stars in the Ixxly 

X 22 

-25 i 

3 

t Cel 

13 

The southernmost of them 

X 23 

-30* 

4 

u Cet 

14 

The northernmost of the three 

X 25 

-20 

3 

£ Cet 

15 

The rearmost ol the 2 stars by the section next to the tail 

X I9t 

*-l55 6 “ 

3 

OCet 

16 

17-20 

The more advanced of them 

The quadrilateral in the section next to the tail: 

X 15 

-15} 

3 

X] Cel 

17 

the northernmost star on the rear side 

X II 

-I3.i 

5 

V Cet 63 

18 

the southernmost one on the rear side 

X ioi 

-i4i w 

5 

*BSC 227 

19 

the northernmost one on the advance side 

X 94 

-13 

>5 

*ip‘ Cet 

20 

21-22 

the southernmost one on the advance side 

The 2 stars at the ends of the tail-fins: 

X 9 

-14 

>5 

*BSC 190 

21 

the one on the northern [tail-fin] 

X 4l 

-91 

<3 

t Cet 

22 

the one on the end of the southern tail-fin 
t {22 stars, 10 of the third magnitude, 8 of the Jburth, 4 of the fifth) 

[XXXV] Constellation of Orion 

X 5s 

- 20 ] 

3 

P Cet 

1 

The nebulous star in the head of Orion 

8 27 

*-i:U bf “ 

neb. 

*X Ori“ 

2 

The bright, reddish star on the right shoulder 

n 2 

-17 

<1 

a Ori 


“So D,Ar; £ Y fl (?i.c. 7! or 7j) ABC. P-K adopc 7l. 

62 15i D,Ar, adopted by P-K. 

I have adopted the identifications ol P-K for nos. 17 to 20, but they seem highly dubious, particularly because of the errors in the relative magnitudes. 
Manitius has different identifications (see his note on Waliisch 17, p. 405) which would require considerable errors in the coordinates. 

The variant 11J is attested in the earlier Arabic tradition (see S 08). 

P ; . ,6 .* th j °‘^ r Ureek ™“- S ‘ rS 69 fo1 * ho Aial.ic tradition: last altolid is I3i (adopted by P-K). but I fit and I 8 i (also in Gcr.) are found too. 
lhis is the identification ol Manitius and P-K, but perhaps one should identify it with the diffuse nebula surrounding X and tp 1 Ori. 


Oo 

00 

K) 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

3 

4 

5 

6 

7-10 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17-25 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

The star on the left shoulder 

The one under this to the rear 

The star on the right elbow 67 

The star on the right forearm 

The quadrilateral in the right hand: 

the rear, double star on the southern side 
the advance star on the southern side 
the rear one on the northern side 
the advance one on the northern side 

The more advanced ol the 2 stars in the stall 

The rearmost of them 

The rearmost of the 4 stars almost on a straight line just over the back 
The one in advance of this 

Lhe one in advance again of this 

The last and most advanced of the 4 

Stars in the pelt 71 on the left arm: 
the northernmost 
the 2 nd from the northernmost 
the 3rd from the northernmost 
the 4th from the northernmost 
the 5 th from the northernmost 
the 6 th from the northernmost 
the 7 th from the northernmost 
the 8 th from the northernmost 
the last and southernmost of those in the pelt 

The most advanced of the 3 stars on the licit 

8 24 

8 25 

n 4 l 
n <;i 

O 6i 
n (> 
n 7l 
n <>i 
n li 
*n 41’° 

8 27 i 

8 2 (i i 

8 251 1 

8 24» 

8 20 i 

8 19! 

8 18 

8 I 6 i 

8 15! 

8 14! 

8 m! 

8 15! 

8 1 «! 

8 254 

— 17 i 
-18 
-14! 

-Ill 

-10 

-9i 

- 8 ] 

- 8 i 

-35 
-4i 
-195 
-20 
- 20 i 
- 20 ! 

-8 

- 8 i 

-ioi 

-I 2 g s 
-14i 
-151 
-17 1 
- 20 ] 

— 211 
-24H 

2 

<4 

4 

6 

4 

4 

6 

6 

5 

5 

4 

6 

6 

5 

4 

4 

4 

4 

4 

3 

3 

3 

3 

2 

y Ori 

32(A) Ori 
p Ori 

74(k) Ori 

Ori 68 
v Ori 

72(i 2 ) Ori 

69(1"*) Ori 

X* Ori 

X 2 Ori 
to Ori 

38(n z ) Ori 

33(n‘) Ori 
y Ori 

15(y 2 ) Ori 

11 (y 1 ) Ori 
o 2 Ori 
n 1 Ori 

7 t 2 Ori 
it 3 Ori 
it* Ori 

7 t 5 Ori 
it 6 Ori 

6 Ori 


67 Nos 5 and 6 which are north of no. 4 , are descril>ed as being on the arm U-cause the right arm is raised, holding the staff. 

“As Manitius notes (p. 405, cf. P-K no. 740 p. 108), $ Ori is not a double star, but there are two small stars close together just l>elow it, which may have 

led to this description. , . , ... * , . 

69 KoXX6po(5ov. cf. p. 346 n.118. Thiefe Fig. 45 on p. 120 shows a curved stick, more like a XaYw|ioXov. 

As a ’hunt^an. a Orfon d careies an animal pell as a garment or an arm-guard. Cl. i bide Fig 45 on p. 120, and PI. IV (lower). 


00 


VIII1. Constellation XXXIV: Cetus V1H L Constellalion XXXV: 0non 





[NumlHM in ~ \ ~ T , “1 " 

constellation Longitude latitude [Modern 

c o nstui ahon, ___ IWipt.on _indcgivc^_in degrees Magnitude design ation] 

^ Oic soiilhernmosl <»i them 23* y -5 ft p< 

15 , * u ‘ mosl advanced of lliir 3 stars alter the bend 'U ‘>ft{ _•>{ 4 , „ SC 

7 .l«- middle on,- of these *K 2H\ M - 4 ] 4 v 

the rearmost ol the three cp pj ^ * 

19 I he star on the knot joining the 2 lishing-liucs tp «>i ol « ^ ,. S< 

20-23 Siars in .l,c „ lishinK-linc: a “ IV 

dir first’* in the section beginning al the knot ip yj -li 42 4 

^ ,r southernmost ol the 3 stars following alter that cp ()i 11 * S - l> SC 

Ihe middle one of these #<p () j ., |5 { 3 

^ northermuost of the 3 , which is also on the end ol die tail <p ()j 49 4 o i»^ 

Hie northernmost of the 2 stars in the mouth ol the rear lisli <p 9 + 2 Ii S oo /( J p 

25 i he southernmost ol them cp ^1 5 82(g) / SC 

27 X: ...“ hB * * “1 f «» £ 

28 The most a,Ivan.,-,I „r,hell,,,, X 27 V^s, 6 65(1) IV 

29 Ihe most advanced ol the .1 stars on the spine in the hack, following X 25i 4 Hi 4 p sc 

|i.e. to the rear ol] the star on the elhow ol Andromeda V 

jX X no. 11 j 

30 The middle one of I lie three *X 2(i|“ •il3l 5 * 4 »MV 

31 I he rearmost ,,l the three _ x 271 +12 4 *x l*sc ST 

"So D.L'.T.F.Gcr, 201A, 231 BtyZ.E. 

* So AD, Ar; 281 UC. 

“The variant ‘nonheni’ is Ibiind in ihe Cheek (BC) and Arabic traditions (see S (i(i) 

53 So ABC. Ol D, Ar, adopted hy l>-K. 

5 ‘23 the (ireek ntss. I leilarg a.l.»|Hs 20] Iron. the ahlw p,i«rtfu. According to ilm as-Salah (S 07) all the Arabic lianslalions except the orig.nal Ishaq 
vers.Oil had 20i, hot ... the extant mss. 23 is also limnd (see Kunitzseh’s .. ports il.id ) 8 “ 9 

26j ABCT 2 , adopted l.y F-K. 2<il 1),I.,E,K,(hr. 

56 13l AD, 13 BC,Ar. 

id ”d0 C i ^" ,i rn i0,,S p’T 3 ! a, T' 34 a,C Vt, , y ,,nctrt f in p - K ilkn,i, v 31 ■»**»’* 3< ** 'Sc, Manitins as X Psc. and 99 (Hevclius) respectively. The 
to C 34 U ° f 34 "** X b ' ltS 1 “ , , M ml , " voIvts a s *'"° ,ls , l , ° l 1,10 it'ttgiinde. There are in any ease had errors in the coordinates ofall nos. 31 


[Numl>cr in 
constellation] 


Description 

The northernmost ol the 2 stars in the belly 

The southernmost of them 

The star in the rear spine, near the tail 

{34 stars, 2 of the third magnitude, 22 of the fourth, 3 ol the filth, 7 ol the 
sixth) 

Stars round Pisces outside the constellation: 

The <|iiadrilalcral under the advance lish: 

(he more advanced ol the 2 northern stars 
the rearmost of them 

tlie more advanced star on the southern side 
the rearmost one on the southern side 
{4 stars of the fourth magnitude) 

{'Total lot the zodiac: 34(i stars, 5 of the first magnitude, 9 of liar second, 
ft4 of the third, 133 of the Iburlh, 105 of die lifdi, 27 of the sixth, 
3 nebulous, anti Coma [Berenices]} 


Longitude Latitude [Modern 

in degrees in degrees Magnitude designation] 


|XXXIV] Constellation of Cclus 
The star on the tip of the nostrils 
The three stars in the snout: 

tht‘ rearmost, on the end ol the jaw 
the middle one, in the middle ol the mouth 
the most advanced of the 3, on the cheek 
The star on the eyebrow and the eye 
The one to the north of this, about on the* hail 1 * 0 


*cp joi 58 


5 ®So Ar and most Greek mss.; Ih| BC. ^ 

59 The identifications ol nos. 5 anti 6 arc extremely uncertain. Sec P-K nos. 716, 7 7, p. 107. 4Qn 

M 8pl£. Mat.iiius takes this as ‘tl.c bait on the Ibrchcad.’ It is in any case .list ind Irani the mane ( X attri) ol no. 7.1 lie representation tn Thiele tg.«Ip- 
,25 p little help unless one sup|x.ses that the long ears are a distortion ol I,tow-hair in the original. Tor anctcnl representations ofserpents will manes 
reaching over the brow see eg Allins.,n, photo opp. p. 108 (the serpen. Cilykon of Alexander of Ahonontetehos); a remarkable hfe-s.ze statue of 

Glykon found at Tomis is illustrated in Robert, A Harm I'Asu Mwrurt, Fig. 8 .... p. 398. 


VIIII. Constellation XXXIII: Pisces yjjj j Q onste Haii on XXXIII: Pisces 





H142 


HlVt 


(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

(Modern 

designation] 

28 

The southernmost of them 

8 5 

-51 4 

4 

u 2 Eri 

29 

I he rearmost of the next 2 stars alter the bend 

<r 2 «$ 

-53$ 

4 


30 

The more advanced of them 


-53$ 

4 

o 1 Eri 

31 

T he rearmost of the 3 stars in the next interval 

T 17$ 

-53 

4 

Eri“ 

32 

The middle one 

T 14$ 

-53i 

4 

•f Eri 

33 

1 he most advanced of the three 

T H$ 

-52* 

4 

*h Eri 

34 

1-4 

The last star of the river, the bright one 

{34 stars, 1 of the first magnitude, 5 of the third, 26 of the fourth, 2 of 
the fifth] 

[XXXVU] Constellation of Lepus 
'file quadrilateral just over the ears: 

T oi 

-53* 

*,85 

9 Eri 

1 

the northern star on the advance side 

8 I9i 

-35 

5 

t Lep 
ic Lep 

2 

the southern star on the advance side 

8 19$ 

-36! 

5 

3 

the northern star on the rear side 

8 21 i 

—35 S 

5 

v Lep 

4 

the southern star on the rear side 

8 211 

-36j 

5 

X Lep 

5 

The star in the cheek 

8 19, 

-39* 

>4 

M I'C'P 

6 

The star on the left front loot 

8 16$ 

-45* 

>4 

c Lep 

7 

The star in the middle of the body 

8 25$ 

-41! 

3 

a Lep 

8 

The star under the belly 

*8 24$“* 

-44* 

3 

P Lep 

5 Lep 

9 

The northernmost of the 2 stars in the hind legs 

□ 1 

-44* 

>4 

10 

The southernmost of them 

8 29 

-45$ 

>4 

y Lep 

11 

T he star on the rump 

n o 

-38* 

>4 

C Lep 

12 

The star on the lip of the tail 

{12 stars, 2 of the third magnitude, 6 of the fourth, 4 of the lilih] 

n 2i 

-38* 

>4 

1 Lep 


"On alternative identifications Ibr nos. 31-3 see P-K. Their identifications corres ( >ond to BSC 1214 (Lacaille i), BSC 1195 (Lacaille it) and BSC 1143 
(Lacaille h). 

85 9 Eri is noi of 1st magnitude, but a double star of 3rd and 4th magnitudes (combined magnitude 2.9). Hence F-K suggest emending 1 to 4 (A to A) 
This is contradicted by the subtotal, but see p. 363 n.191. 

“This is the reading of all Greek mss., E, F and Ger. The variant 24i, lound in T,L, is adopted by P-K. 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

(Modern 

designation] 

1 

[XXXVI11] Constellation of Canis Major 87 

The star in the mouth, the brightest, which is called The Dog’ and is 

n 171 

-39$ 

1 

a CMa 

2 

reddish 88 

The star on the ears 

D 191 

-35 

4 

9 CMa 

3 

The star on the head 

n 211 

-36} 

5 

p CMa 

4 

The northernmost of the 2 stars in the neck 

O 231 

-37* 

4 

y CMa 

5 

The southernmost of them 

*n 251““ 

-40 

4 

t CMa 

6 

The star on the chest 

n 20} 

-421 

5 

n CMa 

7 

The northernmost of the 2 stars on the right knee 

n 16$ 

-41* 

5 

v J CMa 

8 

The southernmost of them 

n 16 

-42! 

5 

v 2 CMa 

9 

The star on the end of the front leg 

n ii 

-41 \ 

3 

P CMa 

10 

The more advanced of the 2 stars in the left knee 

n 14} 

-46! 

5 

V CMa 

11 

T he rearmost of them 

n 16$ 

-45$ 

5 

S 2 CMa 

12 

The rearmost of the 2 stars in the left shoulder 

n 24} 

-46* 

4 

o 2 CMa 

13 

The more advanced of them 

O 21} 

-47 

5 

o' CMa 

14 

The star in the place where the left thigh joins [the body] 

n 26} 

-48* 

<3 

5 CMa 

15 

The star below the belly, in the middle of the thighs 

n 23} 

-51! 

3 

e CMa 

16 

The star on the joint of the right leg 

•n 23 s " 

-55* 

-53* 

4 

k CMa 

17 

The star on the end of the right leg 

n 9} 

3 

£ CMa 

18 

The star on the tail 

13 2$ 

-501 

<3 

r\ CMa 

19 

{18 stars, 1 of the first magnitude, 5 of the third, 5 of the fourth, 7 of the 
fifth] 

Stars round Canis Major outside the constellation: 

T he star to the north of the top of Canis 

n 19} 

-25* 81 

4 

*22 Mon 92 


87 Ptolemy calls it simply ‘the dog (Kutov), since to the constellation now known as ‘Canis Minor* he gives the name ‘ProcyonT 
“Ptolemy calls this star koo)V (‘the dog’), not leiptot; (‘Sirius’), although the latter name is as old as Hesiod (Works and Days 587). By ‘brightest’ he means 
‘brightest of all fixed stars’. Although Sirius is not a red star today, there is considerable evidence that it was in antiquity (cl. See, ‘Change in the Color of 

“This coordinate is greatly in error, but is found in all mss. Manitius adopts 21J, on no authority, P-K 20J, from as-Suli. The error may be Ptolemy s. 

“This is the reading of all mss. P-K emend to 21. _ 

^The variant 65* is found in the Arabic tradition (see S 71). 00 

82 So P-K. Manitius has 19 Monocerotis. 


386 VIII1. Constellation XXXVII: Lepus VIII1. Constellation XXXVIII: Canis Major 






HI 36 


HI 38 


H140 


[Number in 
constellation)] 


27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


Description 


The middle one 

The rearmost of the three 

The star near the handle of the dagger 72 

I he northernmost of the 3 stars joined together at the tip of the dagger 
The middle one 
The southernmost of the three 

The rearmost of the 2 stars under the tip of the dagger 
The more advanced of them 

The hiight star in the left l<K>t, whic h is [applied in) common to the 
water [of Fridanus} 

1 he star to the north ol it 7b in the lower leg, over the ankle-joint 
The star under the left heel, outside 
The star under the right, rear knee 

[38 stars, 2 ol the first magnitude, 4 of the second, 8 of the third, 15 of the 
fourth, 3 of the fifth, 5 of the sixth, [1] nebulous} 


1 

2 

The star after the one in the foot of Orion [XXXV no. 35], at the 

Ix ginning of the l iver 

B 18! 

The one north of this, in the curve near the shin ol Orion 

8 I 8 i 

3 

Ihe rearmost ol the 2 stars next in order after this 

8 18 

4 

The more advanced of l|iem 

8 145 


Longitude 
in degrees 


8 271 

8 28 i 
8 232 
8 26J 
8 265 
8 27 
8 27 j 
*8 26i 7s 

8 192 

8 21 
8 231 

n oi 


Latitude 
in de grees 


-24| 

-25) 

-25| 

•-28J” 

-29i 
-292 
-30i 
-302 
-31J 

-30i 
-312 
-33! 


-31 V‘ 

- 2«1 

-292 

-2Hj 


Magnitude 


2 

2 

3 

4 
<3 

3 

4 
4 
1 

>4 

4 

>3 


>4 


[Modern 

designation] 


1 


£ Ori 

COri 
tl Ori 

*42 + 45 Ori 74 
*e‘+0 2 Ori 
•t Ori 
49(d) Ori 
i) Ori 
|J Ori 

xOri 
29(e) Ori 
tc Ori 


X Fri 

p »:. i 
\|/ Fri 
to Fri 


oo 

00 


72 paxa'tpa, a hunting-knife or short sword. 

73 P-K adopt 28l, the reading of l),Ar (28; 12 L). 

. . . 

75 262 D,Is., adopted by P-K. 26;20 L. 

76 Reading ( 16 x 06 (with li,Ar) at 11136,8 lor auxfiv (‘to the north of them'). Correc ted by Mamtius. 

, • , 7lOI ^°5 1 l,e * 8 cnlilicat ion with a particular river Fridanus is at least as early as At at us (359 If.) This was the mythical r tver into 

winch the burning chariot ol Phaethon plunged. It was later identified with the Po. See Boll-Gundel cols. 989-92 ncmyttiK.al.iver into 

Ihe variant 30| was in the Syriac version according to S 70. 


[Number in 
[constellation] 


5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23-26 

23 

24 

25 

26 
27 


Description 


The 

The 

The 

The 

The 

Ihe 

The 

The 

The 

The 

The 

Ihe 

The 

The 

The 

The 

Ihe 

The 

The 


The 


rearmost of the next 2 in order again 

more advanced ol them 

rearmost of the 3 stars after this 

middle one of these 

most advanced of the three 

rearmost of the four stars in the next interval 

one in advance of this 

one in advanc e* again ol this 

most advanced of the 4 

rearmost of the* 4 stars in the next interval again 

one in advanc e ol this 

one in advance again ol this 

most advanced of the 4 

fust star in the Ixml 81 of the liver, which [star | tone lies the chest ol 
Cctus 

one to the rear ol this 

most advanc ed of the next [group of) three 
middle one of these 
rearmost of the three 

next lour stars, nearly forming a trapezium: 
the* northe rn one on the advance side 
the southernmost on the advance side 
the more advanced one on the rear side 
the last of the 4 , the rear one on that side 
northernmost of the 2 stars close together at some distance to the 
cast __ _ 


.ongitude 
n degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

B 13* 

-25i 

4 

p Fri 

B lot” 

-25) 

4 

v Fri 

B *i! 

-26 

5 

% 13' 

B 5! 

-27 

4 

o 2 Fri 

8 2 1 

-27i 

4 

o' Fri 

cp 27 

-32 5 

3 

y Fri 

T 241 

-31 

4 

n Fri. 

T 24i 

-28 i 

3 

5 Fri 

cp 22 

-28 

3 

e Fri 

T ivi 

-25i 

3 

<; i . i 

T Hi 

-235 

4 

V + p* Fri 80 

T I2i 

-23) 

3 

Fri 

T io! 

-23i 

4 

•BSC 859 

T 5} 

-32l 

4 

T 1 Fri 

T 5t 

-34i 

4 

X 2 Fri 

T 8 J 

-38) 

4 

T * Fri 

V 13t 

-3iiJ 

4 

x 4 Fri 

T I?! 

-39 

4 

X s Fri 

T 21 ! 

- 41 ) 

4 

x“ Fri 

T 21 ! 

-42! 

5 

t 7 Fri 

V 22{ 

-■ 4.3 i 

4 

x 8 Fri 

qp 24i 

-43) 

4 

x‘ J Fri 

B 4i 

•>501“ 

4 

u‘ Fri 83 


w This is the reading of A. tq (16), the reading of the other Greek mss., cannot l>e right, since that would not be more advanced . 

80 The identifications of nos. 15 to 17 are of the utmost uncertainty. 1 give those dubiously proposed by P-K (see then discussion pp. 108-9). Mamtius 
gives* 15 = p 2 , 16 = p 3 (these are certainly wrong, but one might reverse them), 17 = r\. One might also consider, lor 17, BSC 784. 

•i ‘bend’, fcntaTpocpfj, i.e. a change of direction (see Bayer Tab. 36), in contrast to tmKd|MCiov ‘curve, in no. 2. 

82 So D,Ar (50;30 T\ F); 531 the other Greek mss. . u „ 

83 Considerable confusion arises in the identifications of nos. 27-33 from difii rences in the modern nomenclature ol these stars (see P-K on nos. 7.18-804, 
p. 110). Thus Manitius’ identifications appear to I* completely different from ihose oi P-K, but in lad are only partly so. 1 ci avoid^^thisconfusicin > J»vc the 
AST; and (where applicable) the FI [arnsteed] nos. of my identifications, which are those ol P-K, though named dillcrcnlly: 21-BSC. 1453 - H.)0, JI - AS(. 
1464 = FI 52; 29 = BSC' 1393 = FI 43; 30 = BSC 1347 - FI 41; 31 = BSC 1195; 32 = BSC. 1143; 33 = BSC. 1190. 


Oo 
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VIII1. Constellation XXXV: Orion j//// L Constellation XXXVI: Eridanus 





HI 50 


HI 52 


[Numlier in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

(Modem 

designation] 

18 

the more advanced of the 2 faint stars under the bright one 

a I8i 

-60 

5 

a Pup 
(BSC 3080) 

19 

the rearmost ol them 

S3 21 

-59 1 

5 

BSC 3162 

20 

the more advanced of the 2 stars over the above-mentioned 
bright one 

•a 23l l0 » 

-565 

5 

h 1 Pup 

(BSC 3225) 

21 

the rearmost of them 

c 24 i 

-575 

5 

h* Pup 
(BSC 3243) 

22 

The northernmost of the 3 stars on the little shields, about on the mast- 
holder 

ft 5i 

-51 J 

>4 

BSC 3439 

23 

The middle one 

n 6 i 

-555 

>4 

d Vel 

(BSC 3477) 

24 

The southernmost of the three 

n 4 

-57 1 

>4 

e Vel 

(BSC 3426) 

25 

The northernmost of the 2 stars close together under these 

ft 91 

-60 

>4 

•a Vel 

(BSC 3487)* 09 

26 

The southernmost of them 

ft 9 

-614 

>4 

*b Vel 
(BSC 3445) 

27 

The southernmost of the 2 stars in the middle of the mast 

ft ol 

*-51 $“® 

3 

P Pyx 

28 

The northernmost of them 

= 29 i 

-49 

3 

a Pyx 

29 

The more advanced of the 2 stars by the tip of the mast 

=3 28 

-43 1 

4 

Y Fyx 

30 

The rearmost of them 

23 29 

-43! 

4 

5 Pyx 

31 

The star below the 3rd and rearmost little shield 

ft 14ft 

-54 1 

2 

X Vel 

32 

The star on the cut-oil 1 " of the deck 

ft 17! 

-51 i 

<2 

y Vel 

33 

The star between the steering-oars,in the keel 

= 111 

-63 

4 

*a Pup 

34 

'File faint star to the rear of this 

23 19 

-64! 

6 

*P Pup 

(BSC 3055) 

35 

The bright star to the rear of this, under the deck 

n o 

-63$ 

2 

y Vel 


108 This is the reading of A,Ger (most Arabic mss. have 23;0). The oilier Creek mss. have 26, adopted by P-K. 

109 The identifications of nos. 25 and 26 are those of P-K, hut it is possible that they are instead g Vel li ISC !T r >20) and a Vel respectively 
,,0 5ljAr, adopted by P-K. ‘ 1 7 ' 

“‘The constellation is represented as only the stern-hall Of the ship. Cl. lhiele Fig. 48 on p. 123 and PI. II, and p. 361 n.174. 

,,2 Two steering-oars are clearly visible in the illustration Thiele Fig. 67 on p. 157, less clearly in Fig. 48 on p. 123. 


[Numlier in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

36 

The bright star to the south of this, on the lower (pail of the] keel 

n 8t 

-69! 

2 

*X Car 

37 

The most advanced of the 3 stars to the rear of this 

a i5i 

-655 

3 

*o Vel“ * 

38 

The middle one 

n 21 1 

-65$ 

3 

*6 Vel 

39 

The rearmost of the three 

ft 26 

-67 i 

2 

*f Car 

40 

The more advanced of the 2 stars to the rear of these, near the <;ut-oll 

W 1 

-621 

3 

(BSC 3498) 
k Vel 

41 

The rearmost of them 

n 8 

-621 

3 

N Vel 

42 

The more advanced of the 2 stars in the northern, advance steering-oar 

n 4 

-65$ 

>4 

(BSC 3803) 
rj Col 

43 

The rearmost of them 

n 2 o! 

-655 

>3 

v Pup 

44 

The more advanced of the 2 stars in the other steering-oar, called 

n i7i 

-75 

1 

a Car 

45 

Canopus 

The other, rearmost star 

n 29 

-71 1 

>3 

t Pup 

1-5 

1 

{45 stars, 1 of the first magnitude, 6 of the second, 11 ol the third, 19 ol 
the fourth, 7 of the fifth, 1 of the sixth} 

[XU] Constellation of Hydra 114 

The 5 stars in the head: 

the southernmost of the 2 advance ones, which is on the nostrils 

23 14 

-15 

4 

a Hya 

2 

the northernmost of these [2], which is alxivc the eye 

23 13! 

-13$ 

4 

8 Hya 

3 

the northernmost of the 2 to the rear of these, which is about on 

23 1 5 i 

-11 ! 

4 

e Hya 

4 

the skull 

the southernmost of them, on the gaping jaws 

23 IS! 

*-14!*“ 

4 

rj Hya 

1 5 

the rearmost of all, alx>ul on the cheek 

23 17! 

*-12l mi 

4 

i Hya 


1,3 The identifications I give for nos. 37-9 are those of P-K. But the actual magnitude of f Carinac is much too small, and the positions are in poor 
agreement. Manitius gives 6, K, ip Vel, which produces better agreement for the magnitudes but even worse for the positions. 

“♦The water-snake. Ptolemy, like Hipparchus (e.g. Comm, in Aral. 1.11.9, ed. Manitius 116,5) calls it 08poq (masculine); but it is feminine (&8pa) in 
Aratus, 444. Somewhat confusingly, there is a different modern constellation called Hydros (far south of this). 

1,5 14 j Ar, adopted by P-K. 

12 Ar, adopted by P-K? 


VIII1. Constellation XL: Argo VIII1, Constellation XL: Argo 
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[Numl>er in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

20 

The southernmost of the 4 stars almost on a straight line under■ the hind 
legs 

•n io” 

•611 

4 

0 Col 

21 

The one ma th of this 

n ut 

-58$ 

4 

K Col 

22 

The one north again of this 

n 13 

-57 

4 

5 Col 

23 

The last and northernmost of the 4 

□ Hi 

-56 

4 

X CMa 

24 

The most advanced of the 3 stars almost on a straight line to the west of 
the |above] lour 94 

8 28 

-55! 

4 

p Col 

25 

The middle one 

n ot 

-57? 

4 

X Col 

26 

The rearmost of the three 

n 2t 

-59? 

4 

y Col 
p Col 

Q Col 

27' 

The rearmost ol the 2 bright stars under these 

8 29 

-59?" 

2 

28 

The more advanced of them 

8 26 

-57? 

2 

29 

The last star, to the south of the alxive 

|11 stars, 2 oft he second magnitude, 9 of the lourthj 

[XXXIX] Constellation of Canis Minor" 

8 22i 

-59} 

4 

C Col 

1 

The star in the neck 

n 25 

-14 

4 

pCMi 

2 

I he bright star just over, the hindquarters, called Procyon 
(2 stars, 1 of the first magnitude, 1 ol the fourth) 

[XL] Constellation of Argo" 

•n 29i” 

-16i 

1 

a CMi 

1 

The more advanced ol the 2 stars in the stern-ornament 

lot™ 

-42! 

5 

11(e) Pup 

P P "P 

2 

The rearmost of them 

= Hi 

-43} 

3 


93 P-K adopt 7 on no authority. 

94 There is no doubt that the Cheek must mean this. Accordingly Manitius (j>. 405) emends toTi; xcaaupaiv at H146.2 to xfflv Teaodptav, to restore the 
genitive normal after directions. But the use ol lhe dative here may he explained hy the desire to avoid the double genitive tffiv . . . t(5v 
95 591 Ger, adopted by P-K. All Arabic mss. examined by me have 59 J. 

9b Ptolemy calls this ‘Procyon’ (itpokTxDV, ‘harbinger of Sirius’), alter its pmu ipal star. 

97 This is the reading of l),Ar. The other Cheek mss. have 29 J. 

98 This large constellation has in modern times been subdivided into the three constellations Puppis, Vela and Carina. 

"The variant 13 is Ibund in the later Arabic tradition (see S 72). 
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[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

3 

The northernmost of the 2 stars close together over the 

g 8i 

-45 

4 

£ Pup 

4 

little shield in the poop 

The southernmost of them 

G 8? 

# ~46 ,0 ° 

4 

0 Pup 

5 

The star in advance of these 

G 5l 

—45} 

4 

in Pup 

6 

The bright star in the middle oft he little shield 

G 6} 

-47 5 

3 

(BSC 2944) 

BSC 2948 + 2949 

7 

The most advanced ol the 3 stars under the little shield 

G 5} 

*-49!'“' 

4 

p Pup 

8 

The rearmost of them 

G 9} 

*-49!'” 

4 

(BSC 2922) 

3 Pup 

9 

The middle one of the three 

G 8} 

-49} 

4 

1 Pup 

10 

The star on the goose]-neck]* 03 

G 14 

“49! 

4 

BSC3II3' 04 

;>ms 

II 

The northernmost of the 2 stars in the stern-keel 

G 4 

-53 

4 

12 

The southernmost of them 

G 4 

-58? 

3 

n Pup 

13-21 

13 

Stars in the jioop-deek: 

the northernmost 

G lot'" 

-55} 

5 

1 Pup 

14 

the most advanced of the next 3 

G I2i 

-58? 

5 

(BSC 2937) 

•BSC 2961 +2964"" 

15 

the middle one 

G 13? 

-57} 

4 

c Pup 

16 

the rearmost of the three 

G 16} 

-57! 

4 

(BSC 3017) 
b Pup 

17 

the bright star on the deck to the rear of these 

g 21 i 

-58? 

2 

(BSC 3084) 
f Pup 


‘"Reading p<; (with all mss., Greek and Arabic, except D) for m (46l), the reading of D, at 11147,18. Corrected by P-K. 
i0 ‘ Reading p0 Z' (with AI),Ar, adopted by P-K) at 11149,4 lor pG Z' b' (49?) of the other Cheek mss. 

‘"This is the reading of D,Ar; the other Cheek mss. have 49!. 

‘“The top of the post on the stern, which was often given this shape. See LSJ s.v. II for other references. 

'"Tim seems the only likely candidate in the right region. P-K assign to the star they identify (Piazzi VII 277) the magnitude 6.5. Perhaps Peters 
confused the two stars (very close together) BSC 3113 (mag. 4.78) and BSC 3099 (mag. 6.36, which is too faint to be considered). 

105 This might lie any of the 5lh-magnitudc stars (all close together) BSC 2819, 2823, 2834, or some combination ol them. All are in the modern 
constellation Canis Major. 

‘"The variant 16 occurs in the Cheek (AD) and later Arabic traditions (see S 73). 

107 This may include more of the numerous small stars close together (P-K give d*+d*+d 3 ). 
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(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

(Modern 

designation] 

3 

The star in the breast 

Tlfi 165 

-I8i 

5 

CCrv 

4 

The star in the advance, right wing 

HE 13} 

-14$ 

3 

y Crv 

5 

The more advanced of the 2 stars in the rear wing 

tIB 165 

-12} 

3 

8 Crv 

6 

The rearmost of them 

ny 17 

-lit 

4 

r| Crv 

7 

The star on the end of the leg, which is (applied in] common to Hydra 

nj* 20! 

— 1 Si 

3 

P Crv 

1 

(7 stars, 5 of the third magnitude, 1 of the fourth, l of the filth} 

|XLIV] Constellation of Centaurus 

The southernmost of the 4 stars in the head 

^ 101 

-215 

>5 

2(g) Ccn 

2 

The northernmost of them 

^ 10 

-18$ 

>5 

4(h) Cen 

3 

The more advanced of the other, middle 2 

- 9$ 

-20} 

>4 

I(i) Ccn 

4 

The rearmost of these, the last of the 4 

^ 10 

-20 

>5 

3(k) Cen 

5 

The star on the left, advance shoulder 

^ 6k 

-255 

3 

t Cen 

6 

The star on the right shoulder 

^ 155 

-22! 

3 

0 Cen 

7 

The star on the left shoulder-blade 

^ 9$ 

—27} 

4 

BSC 5089 

8-11 

8 

The 4 stars in the thyrsus: 129 

the northernmost of the advance 2 

^ 18$ 

-22! 

4 

(d Cen) 

vy Cen 

9 

the southernmost of these 

^ 19$ 

-23 j 

4 

BSC 5378 

10 

that one of the other two which is at the tip of the thyrsus 1 tu 

^ 22 

-18! 

4 

(a Cen) 

BSC 5485 + 5489 

11 

the last one, south of the latter 

^ 221 

-20$ 

4 

(c* + c 2 Cen) 

BSC 5471 

12 

The most advanced of the 3 stars in the right side 

^ 131 

-28! 

>4 

(b Cen) 
v Cen 

13 

The middle one 

^ 14 

-29! 

>4 

p Cen 

14 

The rearmost of the three 

^ 15$ 

-28 

>4 

<p Cen 


129 The thyrsus was a branch carried by followers of Dionysus, tipped with vine-leaves, pine-cone, or other Dionysiac emblems. See A. J. Reinach s.v. in 
Daremberg-Saglio V, 287-96, with illustrations. The attribution to a centaur is rare, but attested (ibid. 293 n.20). 

130 Manitius and P-K identify this as c l Ccn, but c 2 and c* are so close together that one cannot decide between them: it is better to assume that Ptolemy 
refers to both. 


(Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

15 

'Die star on the right upper arm 

^ 16! 

-26! 

>4 

X Cen 

16 

The star on the right forearm 

^ 22$ 

-25! 

3 

T) Cen 

17 

The star in the right hand 

^ 27! 

-24} 

4 

k Cen 

18 

The bright star in the place where the human laxly joins (the horse’s] 

^ 18 

-33} 

>3 

£ Cen 

19 

The rearmost of the 2 faint stars to the north of this 

^ 175 

-31 

5 

u 2 Cen 

20 

The more advanced of them 

— 16$ 

--sol 1,1 

5 

u* Cen 

21 

'Die star on the place where the back joins (the horse’s body] 

^ 12$ 

-34$ 

5 

u> Cen 1 * 2 

22 

'Die star in advance of this, on the horse’s back 

^ 9 

-37 j 

5 

♦BSC 4940 
(f Ccn) 

23 

The rearmost of the stars on the rump 

^ 5$ 

-40 

3 

y Ccn 

24 

The middle one 

^ 5 

*—40} 1 i: * 

4 

T Cen 

25 ! 

The most advanced of the three 

- 25 

-41 

5 

a Cen 

26 

The more advanced of the 2 stars close together on the right thigh 

^ 25 

-46$ 

3 

5 Cen 

27 

The rearmost of them 

^ 3! 

-46! 

4 

p Ccn 

28 

The star in the chest, under the horse’s armpit 

^ 18} 

-40j 

4 

BSC 5172 
(M Cen) ,H 

29 

The more advanced of the 2 stars under the belly 

^ 16! 

-43 | 

2 

e Cen 

30 

The rearmost of them 

^ 175 

-43j 

3 

Q. Cen 

31 

The star on the knee-bend of the right (hind] leg 

^ 10 

-51$ 

2 

y Cru 

32 

The star in the hock of the same leg 

^ 15! 

-5li 

2 

P Cru 

33 

The star under the knee-bend of the left [hind] leg 

^ 6! 

-55$ 

4 

5 Cru 

34 

The star on the frog of the hoof 115 on the same leg 

^ ni 

-55) 

2 

a Cru 

35 

The star on the end of the right front leg 

nu 81 

*-4l $‘ 16 

1 

a Cen 


131 Reading X y' at H161,8 (with Ar, adopted by P-K). The Greek mss. havelhe reading Xy (33), but, with these identifications of nos. 19 and 20, the 
Arabic tradition is almost certainly the correct one. Manitius identifies 19 as u l and 20 as tr, but u 2 is definitely ‘to the rear’ of id. 

132 As P-K note, to is not a single star, but a globular cluster (no. 5139). 

133 Reading p y' (40|), which is abundantly attested in the Arabic tradition (see S 81) at H161,12 lor py (43) of the Greek tradition. P-K also adopt 40 i. 

134 For the identifications of nos. 28-37 see P-K. nos. 962-71 onp. 112.'file identifications they suggest are probably correct, in spite of the large errors in 
the coordinates, which are perhaps due to the difficulty of observing stars with extreme southern declinations. 

‘“paTpaytov. The Oxford English Dictionary defines ‘frog’ (s.v. 2) as ‘an elastic, horny substance growing in the middle of the sole of a horse’s hoof. 

136 This is the reading of D,Ar and an alternative reading in A. Other Greek mss. have 44 J. -41 i is more correct, but all other stars in this group are ^ 

assigned too great a southern latitude, so -44$ may have been Ptolemy’s measurement. It is adopted by P-K. 


VIII I. Constellation XLIII: Corvus VIII1. Constellation XLIV: Centaurus 
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(Number in 
constellation] 

Description 

1.01 igi tude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

6 

The more advanced of the 2 stars in the place where the neck joins 1 the* 
head] 

^ 20l 

-1 U" 7 

5 

to Hya 

7 

The rearmost of them 

23 i 

-131“* 

4 

6 Hya 

8 

The middle star of the fallowing three in the bend of the neck 

s 28 1 

-I5| 

4 

t 2 Hya 

9 

The rearmost of the 3 

n oj 

-14! 

4 

t Hya 

10 

"The southernmost of them 

ts 28 i 

-17l 

4 

t 1 Hya 

11 

The faint, northernmost star of the 2 close together to the south 

K 29 i 

-19! 

6 

•BSC 3750 11 ’ 

12 

The bright one of these two close stars 

p 0 

*-2flJ*‘° 

2 

a Hya 

13. 

The most advanced ol the 3 stars to the rear, after the Ixrnd jin the neck] 

p fi 

-26! 

4 

K Hya 

14 

The middle one 

P ai 

-26 

4 

o* Hya 

15 

T he rearmost of the three 

p iu 

*-23l m 

4 

u 2 Hya 

16 

The most advanced of the next 3 stars almost on a straight line 

P 18 

-24 i 

3 

p Hya 

17 

The middle one 

p 20 

-23l 

4 

<p Hya 

18 

'The rearmost of the three 

P 23 122 

-22 1* 2:1 

3 

v I lya 

19 

The northernmost of the 2 stars after [i.e. to the rear ol] the base of 
Crater 124 

ny l{ 

-253 

>4 

p Grt 

20 

The southernmost of them 

ny 2l 

-30i 

4 

X* ffy a 

21 

The most advanced of the 3 stars after these, as it were in a triangle 

ny 12l 

-311 

4 

£ Hya 

22 

The middle and southernmost one 

ny 14 i 

-33l 

4 

0 Hya 

23 

The rearmost of the three 

ny 16i 

-311 

3 

p Hya 

24 

The star after Corvus, in the section by the tail 

- 0 

-13 j 

>4 

y Hya 


1,7 The variant 14J occurs in the later Arabic tradition (see S 74). 
us The variant 19l is attested lor the later Arabic tradition by S 75. 

119 BSC 3750 is P—K s W.9^439. Another |x>ssible identification is 28 Hya. 29 Hya, adopted by Maniiius, is impossible, since it issouthofa Hya(no. 12). 
120 P~K’s emendation, icy (23) lor k Z\ is very plausible. 

1 he Greek mss are unanimous lor 26j (so too I *). Heilx.*rg adopts 23i horn an emendation by Bode, which is however ibund in the Arabic tradition 
(L,T 2 ,E,F). 

122 The variant 20l was Ibund in the margin of Ishaq’s autograph according to S 78. 

123 The variants 29i and 22] were Ibund in the Arabic tradition according to S 78. 

m The figures oi Crater (the mixing-bowl) and Corvus (the raven, cf. no. 24) wer e depicted as sitting on the back of Hydra: see Thiele Fie. 54 on p. 129 
and PI. V (lower). 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modem 

designation] 

25 

The star on the tip of the tail 

|25 stars, 1 of the second magnitude, 3 ol the third, 19 ol the fourth, 1 ol 
the fifth, 1 of tin* sixth] 

Stars round Hydra outside the constellation: 

^ I3i 

*-17i ,2f ‘ 

>4 

71 Hya 

26 

The star to the south of the head 

= I2i 

-23 i 

3 

BSC 3314 126 

27 

The star some distance to the rear of those in the neck [nos. 6-15 J 
(2 stars of the third magnitude) 

|XLII] Constellation of (haler 

n a 

*-16l 

3 

*e Se\ 127 

l 

The star in the base ol bowl, which is [applied in [common to Hydra 

n 23 i 

-23 

4 

a Cit 

2 

The southernmost of the 2 stars in the middle of the bowl 

"8 2! 

-19! 

4 

y Oil 

3 

The northernmost ol them 

ny 0 

-18 

4 

8 Oil 

4 

The star on the southern rim of the mouth 

ny 7 

-18! 

>4 

C, On 

5 

The star on the northern rim 

n 29! 

-135 

4 

£ Cl 1 

6 

The star on the southern handle 

nj 9! 

-16i 

<4 

15 Grt 

7 

The star on the northern handle 

[7 stars of the fourth magnitude] 

(XLJ1I] Constellation of (h)tvus 

•try 15 

-ll! 

4 

0 Cr t 

f 

The star in the beak, which is (applied in] common to Hydra 12 * 

ns I5i 

-215 

3 

a Ci v 

2 

The star in the neck, by the head 

ns 14) 

-195 

3 

£ Civ 


125 Since there is no doubt about the identification, the latitude is so wrong that one should consider emendation. Manitius(p. 405) suggests I3;40,onno 


autiiouiy. •iiii 

126 This identification is the same as that ol Maniiius and P-K, who use the obsolete nomenclature 30 Monocerotis (the star is now included in the 

constellation Hydra). , . . . 

127 The identification is highly uncertain. My suggestion has coordinates not impossibly dilferent from Ptolemy’s, but its magnitude is less than 5. P-K 
suggest 24 Sex, but this involves emending the latitude to I0l (adopting the valiant Ibund in D,Ar of (16) fori<; y'), and the magnitude is still bad Their 
alternative, a Sex, is not much Welter. Should one emend the magnitude to 6 (<; for y)? 

,2ft For the description of nos. I and 7 cf. p. 392 n. 124 and Thiele lig. 54 on p. 129, which depicts the raven standing on and pecking the water-snake. 
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[Number in 
constellation] 

Description 

Longitude 

in degrees 

Latitude 
iu degrees 

Magnitude 

(Modern 

designation] 

4 

T he one to the rear again of this 

t 14* 

-20 

4 

{ CrA 

5 

The one after this, l>efbrc the knee of Sagittarius 

T 16/ 

-18! 

5 

5 CrA 

6 

T he one after this, which is north of the bright slat in the knee {of 
Sagittarius, XXX no. 241 

l 17 

-17* 

4 

P CrA 

7 

The star to the north of this 

I KiJ 1 '"’ 

-16 

4 

a CrA 

8 

The one to the north again of this 

T Hi! 

-15* 

4 

y CrA 

9 

T he rearmost of the 2 stars after this, in advance, in the northern rim 

t I5i 

-15| 

6 

e CrA 

10 

T he more advanced of these 2 faint stars 

T H -i 

-14* 

6 

BSC 7I29 1 ’ 1 

11 

The star quite some distance in advance of this 

t II* 

-Hi 

5 

X CrA 

12 

The one in advance again of this 

T 9i 

-15* 

5 

•BSC 6942 1,2 

13 

T he last one, which is south of the aforementioned star 

113 stars, 5 of the fourth magnitude, 6 of the fifth, 2 of tlie sixth} 

[XLVIII] Constellation of Pise is Austrinus 

1 id 

-18! 

5 

0 CrA 

1 

The star in the mouth, which is the same as the loginning of the water 
{= XXXII no. 42| ,Vi 

~ 7 

-201 

1 

a PsA 

2 

The most advanced of the 3 stars on the southern rim of the head 

~ oi 

-201 

4 

P PsA 

3 

The middle one 

~ 4/. 

-22 i 

4 

y PsA 

4 

The rearmost of the three 

~ 5l 

-22! 

4 

5 PsA 

5 

The star by the gills 

~ 4t 

-16] 

>4 

e PsA 

6 

The star on the southernmost spine on the hack 

251 

-19} 

5 

p PsA 

7 

T'he rearmost of the 2 stars in the IhTIv 

~ 1/ 

-15/ 

5 

c PsA 

8 

T he more advanced of them 

V> 28* 

-Hi 

4 

X PsA 

9 

T he rearmost of the 3 stars on tin* northern spine 

25* 

-15 

4 

n PsA 

10 

The middle one 

10° 21 * 

-16! 

4 

0 PsA 

11 

T he most advanced of the three 

V> 21 

-18/, 

4 

1 PsA 
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150 The variant 20ji was found in the earliest Arabic tradition according to S 85. 

151 This is the star which P-K call ‘v Coronae Australis'; I do not know what their authority lor this appellation is. 
152 This is P-K’s Lac. 7748. Manitius suggests »c CrA, which is certainly possible. 

151 In Aquarius (XXXII 42) this is called ‘the end oft he water'. 


[Number in 
constellation] 

Description 

Longitude 
in degrees 

Latitude 
in degrees 

Magnitude 

[Modern 

designation] 

12 

T'he star on the lip of the tail 

(11 stars,9 of the fourth magnitude, 2 of the fifth) 

Stars round Piscis Austrinus outside the constellation: 

Vf 20|‘ r,< 

-221 

4 

Y Gru 

13 

The most advanced of the 3 bright stars in advance of Piscis | Austrinus | 

8 

-22t 

<3 

*q Mic l>b 

14 

T he middle one 

V> 111 

-22/ 

<3 

*0' Mic 

15 

T'he rearmost of the three 

V> 1 4 1,7 

-21/ 

<3 

% Gru 

16 

The faint star in advance of this 

V> 12 

-20* 

5 

*0 2 M ic 

17 

T'he southernmost of the remaining 2 stars to the north 

k> 13* 

-17 

4 

# y Mic 

18 

T he northernmost of them 

]6 stars, 3 of the third magnitude, 2 of the fourth, 1 oft lie fill h | 

{Total lor the southern region 316 stars, 7 of the first magnitude, 18 of 
the second, 63 of the third, 164 of the fourth, 54 of the filth, 9 of 
the sixth, 1 nebulous) 

{Total lor all stars 1022, 15 of the first magnitude, 45 of the second, 208 
of the third, 474 of the fourth, 217 of the fifth, 49 of the sixth, 9 
faint, 5 nebulous, plus Coma jBerenices]} 

V> 13* 

-H* 

4 

# a Mic 


154 The variant 26 occurs in the Arabic tradition (see S 88 ). 

155 Only 11, because no. I has already been counted as Aquarius (XXXII) no. 42. Compare the remarks ol ibn as-Salah on pp. 74-75 of Kunilzsch’s 
edition. 

156 The identifications of nos. 13-18 are mine, but are very uncertain. P-K propose (13) a Mic, (14) y Mic, (15) e Mic, (16) Piazzi XX 445 = BSC. 8076, 

(17) Piazzi XXI 12 = BSC&l 10, (18) 24(A) Cap. These may be right, since they are in approximately correct relative positions, but they involve huge errors 
in the coordinates and (for no. 18) taking a star which has already l>ecn identified as Capricorn (XXXI) no. 13, where it has completely different 
coordinates. ’ 

157 Reading 18 (with Ar, fouqd as a correction in A) at HI69,12 for iu (11) or 8 (4) ol the other Creek mss. T he correction is certain, since no. 16 is ‘in 
advance’ of no. 15. It is adopted by P-K and Manitius. 
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[Number in 
constellation J 

Description 

Longitude 
in degrees 

Latitude 
in de grees 

Magnitude 

[Modem 

designation] 

36 

The star on the knee of the fell [front) leg 

^ 24l 

-451 

2 

|1 (!en 

37 

The star outside, under the right hind leg 

{37 stars, 1 oflhe first magnitude, 5 oflhe second, 7 of the third, 16 of the 
fourth, 8 of the lilt It j 

|XI.V J Constellation of Lupus 118 

♦ -TV. | ^ j 1 17 

-491 

4 

p Gi u 

l 

The star at the end oflhe hind leg, by the [tight J hand ofCtnlaurus 

^ 28 

-2U 

3 

\\ I.up 

2 

The slat on the Ix-nd in the same leg 

^ 25 J 

-29} 

3 

u I.up 

3 ‘ 

The more advanc ed of the 2 stars just over the shoulder-blade 

nf, 1 

-21} 

4 

6 Lop 

4 

The rearmost of them 

m, 4l 

-21 

4 

V I up 

5 

The star in the middle of the body of Lupus 

HU 3 

-25i 

4 

C I.up 

6 

The slat in the belly, under the Hank 

ni 0l 

-27 

5 

k Lup 

7 

The star cat the thigh 

ni ()} 

-29 

5 

71 Lup 

8 

The northernmost of the 2 stars near the place where the thigh joins 
(the Ixxly| 

m. 4\ 

-28! 

5 

p Lup 

9 

The southernmost of them 

m, 3| 

—30* 

5 

K Lup 

10 

The star on the end oflhe rump 

nu 5 5 

-331 

5 

C I‘‘*p 

11 

The southernmost of the 3 stars in the end of the tail 


-31 { 

5 

*p Lup 

12 

The middle one of the three 

^ 21* 

-30! 

4 

i Lup 

13 

The northernmost of them 

^ 23 

-29i 

>4 

T 1 + 1“ Lup 

14 

The southernmost of the 2 stars in the neck 

TTt» 8* 

-17 

4 

r| Lup 

15 

The northernmost of them 

9} 

- 13 i 

>4 

0 Lup 

16 

The more advanc ed of the 2 stars in the snout 

nb 5j 

-nl 

4 

# V +y 2 Lup 140 


ia7 D has U 5: as P—K remark (no. 971 on p. 112), ihis would he more consistent than I'M with the errors of the other stars in this group. 

138 Ptolemy does not identify this as a wolf or any particular animal, hut calls it the ‘Ix-ast’ (Otp/iov). It is depicted as being held by its hind legs in the right 
hand of Gentaurus: see Thiele Pig. 53 on p. 128, and cl! no. 1 here. 

139 The mss. are unanimous lor 22 (including the Arabic, despite the statement of P-K, no. 982 on pp. 112-1.1, that they have 20 i). Peters emends to 26 
without authority. The identification of (his star is dubious: see P—K’s discussion, l.c. Manuals’ identifications, here and elsewhere in Iutpus, are mostly 
unacceptable. 

140 For the identifications of nos. 16 and 17 P-K prefer x an d £ laipi, but mine (which are also proposed by Manitius) seem more in accord with the 
relative positions. 
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[Number in 


Longitude 

Latitude 


[Modern 

constellation] 

Description 

in degrees 

in degrees 

Magnitude 

designal ion] 

17 

The rearmost of them 

ni, 6 j 

-111 

4 

*X Lnp 

18 

The southernmost oflhe 2 stars in the front leg 

27 i 1 ■* 1 


>4 

1(0 

19 

The northernmost of them 

[19 stars, 2 of the third magnitude, 11 oflhe Iburth, 6 of die iifth) 

^ 26} 

-10 

>4 

2(1) Lup 


|XLV1] Gonstellation of Ara 141 

nh 271 




1 

The northernmost oflhe 2 stars in the base 

-22 \ 

5 

o Ara 

2 

The southernmost of them 

3 144 

-25 j 

4 

0 Ara 

3 

The star in the middle of the little altar 

ni. 2()1'*'’ 

-26! 

>4 

a Ara 

4 

The northernmost of the* 3 stars in the brazier 

111 , 20 i 

-30( ,4h 

5 

t: 1 Ara 

5 

The southernmost of the other 2 whic h are close together 

til 251 

—'.44 * 

>4 

y Ara 

6 

'l’he northernmost of these |2| 

ni 25 

-331 

4 

(f Ara 

7 

The star on the end oflhe burning-apparatus 
[7 stars, 5 oflhe fourth magnitude, 2 of the fifth) 

fiU 20* 

*-341 147 

4 

c Ara 


[XLV1I | Gonstellation of Corona Australis 


-21! 


*u Tel* 48 

1 

The most advanc ed ol the stars on the southern rim, outside (the crown) 

t 9l 

4 

2 

The star to the rear of this, 149 on the crown 

t 111 

-21 

5 

rj 1 + tj 2 (!rA 

3 

The one to the- rear of this 

t 13* 

-23 

5 

BSG 7122 


m L,T,E, Ger have 27 I, adopted by P-K. 

'"L/r'.E, Ger have 111, adopted by P-K. 

l43 0upiaTltptov, actually an incense-burner. It is depicted upside-down (i.e. base towards the north). 

144 BG have 3l. Much oflhe Arabic tradition, and Ger, have 0i, but 3 is also lound (see S 84). 

145 261 is found as an alternative reading in A, and in Is. It is adopted by P-K. The ‘little altar’ (PcoptOKOi;) is evidently the same as the ‘brazier’ 

(£ntnopov) in no. 4: see p. 400 n. 160. 

146 Heading A. y' (with Ar) at H165,13 Ibr u y (I !)i die unanimous reading of the Greek mss. Hcil>crg(ad loc.) realized that this correction should be 
made, and Manitius made it. 

147 This is the reading of A; 31 4 BGI), 34 Ar, adopted by P-K. 

,4i This is Manitius’ identification. P-K prefer 5 l + 6 2 Telcscopii. ^ 

149 Reading auxo) (implied by Ar) at 11166,2 lor aiYctov ‘that one of those’, which has no reference. ^ 


VIII1. Constellation XLVI: Ara 
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VIII2 . Location of the Milky Way 
HI 70 2. j On the situation of the circle of the Milky 1 I 'av \ 1 ^ 

Such. then, is the way in which we may set out the order of the iixed stars. To 
this we shall join, as the logical order demands, our discussion of the disposition 
of the circle oi the M iiky Way, to the best of our ability, with our observations of 
each of its sections: we shall try to describe the form which the individual parts 
appear to take. 

Now the Milky Way is not strictly speaking a circle, but rather a belt of a sort 
of milky colour overall (whence it got its name); moreover this belt is neither 
uniform nor regular, but varies in width, colour, density and situation, and in 
one section is bifurcated. [All] that is very apparent even to the casual eye, but 
rhe details, which can on! v be determined b v a more careful examination we 
lind to be as follows. 

The bifurcated part of the belt hasoneofits ‘forks', so tospeak, near Ara, and 
the other in Cygnus. But, whereas the advance [part of the] belt is in no way 
attached to the other part, since it forms gaps both at the fork by Ara and at the 
HIT! fork by Cygnus, the rearmost part is joined to the remainder of the Milky Way 
and forms [with it] a single belt, through which the great circle drawn 
approximately along the middle of it would pass. It is this belt which we shall 
describe first, beginning with its southernmost section. 

This [section] goes through the legs ofCentaurus, and is rather less dense and 
less bright [than the rest]. The star on the knee-bend of the right hind leg[XLIY 
j 1 ] is a little farther south than the line [bounding] the milk to the north, and so 
are the star on the left front knee [XLIV 36] and the star under the right hind 
hock [XLIY 32]. But the star in the left hind lower leg [XLIY 33] lies in the 
middle of the milk, and the stars on the hock of the same leg [XLIY 34] ,a9 and 
on the right front hock [XLIY 35] are to the north ol its southern rim. by about 
2° (where the great circle is 360°). It is slightly denser in the region near the hind 
legs. 

Next in order, the northern rim of the milk is about l:°from the star on the 
rump of Lupus [XLY 10], and the southern rim encloses the star on the 
burning-apparatus of Ara [XLYI 7], but just grazes the northernmost of the 
two stars close together in the brazier [XLYI 6] and the southernmost of the two 
stars in the base [XLYI 2], while the star in the northern part of the brazier and 
HI 72 the one in the middle of the brazier [XLYI 4. 3] int) lie right in the milk. These 
sections are rather less dense. 

Next, the northern part of the milk encloses the three joints before the sting 
of Scorpius [XXIX 17, 18, 19] and the nebulous mass to the rear of the sting 
[XXIX 22], while the southern rim touches the star in the right front hock of 
Sagittarius [XXX 25], and encloses the star on his left hand [XXX 2]. The star 
on the southern portion of the bow [XXX 3] lhl is outside the milk, but the star 

,3 * I have appended to the stars named in this chapter references to their place in the catalogue 
(VII 5 and VIII 1). 

l;>9 In the catalogue this star is described, not as on the hock', but as ‘on the frog of the hoof. 

,ft0 In the catalogue this last star is called ‘the star in the middle of the little altar'. 

lttl Reading to^ou for Tocotou (‘Sagittarius') at HI72,8, with Is. The same correction has to be 
made for the next star (HI72.11). Corrected by Manitius. In the catalogue (HI 12,12-14) Heiberg 
rightly prints to^ou, although there too all or most Greek mss. have tocotou in all three places. 
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VIII 2. Location of the Milky Way 

on the point of the arrow [XXX l ] lies in the middle of it. while the stars in the 
northern part of the how [XXX 4, 5] also lie in it, each of them l>eing a little 
more than I ° removed from one of the rims, the southern star (fom the southern 
rim, the northern star from the opposite rim. The area [of the Milky Wav] near 
the three joints [ofSeorpius] is somewhat denser, while the area round the point 
[of the arrow of Sagittarius] is very dense indeed and appeal's smoky. 

The following section is a little less dense. It extends along [the constellation] 
Aquila, maintaining about the same width throughout. The star on the tip of 
the tail of the snake [Serpens, XIV 18] heltl by Ophiuchus lies in the open, 1 *’ 2 a 
little more than one degree away from the advance rim of the milk, while the 
two most advanced of the bright stars below it lie right in the milk: the southern 
one [XVI 15] is 1° from the rear rim, and the northern one [XVI 12], 2° [from 
it |- The rearmost ol the [two] stars in the right shoulder of Aquila [XVI 8] 
touches the same rim, while the more advanced one [XVI 7] is cut oil'inside it, 
as is also the more advanced, bright star o! those in the left wing [XVI 5]. 
Furthermore, the bright star on the place between the shoulders [XVI 3] and 
the two stars which lie on a straight line with it !M fall a little short of touching 
the same rim. Next, Sagitta is enclosed entirely within the milk. The star on the 
arrowhead [XV 1 j lies one degree from the eastern rim, while the star on the 
notch [XV 5] lies two degrees h orn the western rim. The section round Aquila is 
slightly denser, and the remainder slightly less dense. 

Next the milk extends towards Cygnus. Its north-western rim is defined 
in a reentrant angle 1 by the star in the southern shoulder of Cygnus 
[IX 11 ], 100 the star under it in the same [southern] wing [IX 10], and the two 
stars on the southern leg [IX 13, 14]. Its south-eastern rim is defined by the 
star in the tip of the southern wing-leathers [IX 12], and encloses the two stars 
under the same wing outside the constellation [IX 18, 19], which are about 
2° from it [the rim]. The section around the wing is slightly denser. The next 
section is continuous with that belt, but is much denser and seems to have a 
dillerent starting-point. lh/ For it points towards the end parts of the other 
belt. lhK but leaves a gap between it [and itself]: on its southern side it joins the 
belt w hich we are currently describing, which is very rarefied at the junction: 
but after the point where it forms a gap with the other belt it gets denser. 


^ Literally in the open air', i.e. outside the Milky Way. 

thi In the catalogue these stars are described as being in the left shoulder*. 

This does not correspond to any description in the catalogue. Manitius identifies the two stars 
as XVI 2 and 4 (3 and o Aql). These are indeed approximately on a straight line with XVI 3 (a 
Aql), but they hardly lit the rest of the description. >ince (3 Aql lies well outside the Milky Way as 
viewed by Ptolemy. More appropriate would be tp Aql (XVI 6} and u Aql. However, the latter star 
seems not to be mentioned in the catalogue. 

,b5 £v ejrucapTticp. Explained by what follows: this is where the other (western) branch of the 
Miikv Way joins; since, according to Ptolemy, the part north of this is aligned with the end ol that 
branch, it forms a reentrant angle with the present, eastern branch. This is best seen on a star globe. 

i6 **In the catalogue this is called 'the star in the middle of the left wing’. 

^'Translating Heiberg's emendation, oppeopeva (supported by Is: ‘ibtadaV) for thedptopeva 
of the Greek mss. and L. The latter could perhaps be translated as and is seen, as it were, from a 
different starting-point’, but this is very harsh. 

Ih8 I.e. the other branch of the Milky Wav which is mentioned above (p. 400) and described below' 
(p. 403). 


H173 


HI 74 
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VIII2. Location of the Milky Way 

beginning fi om the bright star in the rump ofCygnus [IX 5] 169 and the nebulous 
mass in the northern knee [IX 17]. Then it makes a slight bend as far as the star 
on the southern knee [IX 14], and continues, gradually diminishing in 
density, up to the tiara of Gepheus. The northern side is delimited by the 
southernmost of the three stars in the tiara [IV 9] and the star to the rear of those 
three [IV 13], at which it also forms two outrunners, one verging to the north 
and east, the other to the south and east. 

Next the milk encloses the whole of Cassiopeia except for the star in the end of 
the leg [X 7]. The southern rim is defined by the star in the head of Cassiopeia 
[X l ], and the northern rim by the star in the foot of the throne [X 11 ] and the 
star in the lower leg of Cassiopeia [X 6]. The other stars [of Cassiopeia] and all 
HI75 those round about this [constellation] lie in the milk. The areas near the rims are 
of thinner consistency, but those at the middle of Cassiopeia display a dense 
patch running the length [of the Milky Way]. 

Next, the righthand parts of Perseus are enclosed in the milk. Furthermore, 
its northern edge, which is very rarefied, is defined by the lone star outside the 
right knee of Perseus [XI28], and its southern edge, which is very dense, by the 
bright star on his right side [XI 7] and by the two rearmost stars of the three to 
the south of that [bright star, XI9. 10]. Enclosed in it also are the nebulous mass 
on the hilt [XI1 ], l '° the star in the head [XI5], the star in the right shoulder [XI 
3] and the star on the right elbow [XI2]. The quadrilateral in the right knee [XI 
lb, 17, 18, 19] and also the star on the same [right] calf [XI20] lie in the midst of 
the milk, while the star in the right heel [XI 21 ]*' 1 is also inside it, a little 
distance from the southern border. 

Next the belt goes through Auriga, displaying a slightly thinner consistency. 
The star on the left shoulder, called Capella [XII 3], and the two stars on the 
right forearm [XII 5, 6] fall just short of touching the north-eastern rim of the 
milk, while the small star over the left foot in the lower hem [of the garment, XII 
14] defines the south-western edge. The star over the right foot [XII 12] lies half 
HI76 a degree within the same edge, and the two stars close together on the left 
forearm, called Haedi [XII 8, 9], lie fn the middle of the belt. 

Next the milk goes through the legsofGemini, displaying a certain amount of 
density in elongated form just over the stars at the ends of the legs. Now the 
advance edge of the milk is defined by the rearmost of the 3 stars on a straight 
line under the right foot of Auriga [XXIV 19], by the rearmost star of the two in 
the stalfofOrion [XXXV 12] and by the northernmost [two] of the four stars on 
his [Orion's] hand [XXXV 9. 10]; the brilliant star under the right hand of 
Auriga [XXIV 20] and the star in the rear foot of the rear twin [XXIV 18] are 
approximately 1° inside the rear edge, while the stars in the other feet [XXIV 
14, 15, 16. 17] lie in the midst of the milk 

Thence the belt passes by Canis Minor [Procyon] and Canis Major: it leaves 
the whole of Canis Minor outside the milk no small distance to the east, and 

169 This is called ‘the star in the tail* in the catalogue. 

170 In the catalogue this conglomeration is said to be on the right hand*. Perseus holds his 
weapon, the (cf. Hipparchus 2.5.15, ed. Manitius 198,10), the hilt of which Ptolemy refers to 
here, in his right hand. 

171 In the catalogue this is described as ‘on the right ankle*. 
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leaves Canis Major too outside to the west, almost in its entirety; for the star on 
its ears 172 [XXXVIII 2] is caught by a sort of cloud which projects [from the 
Milky Way] and which then almost touches the three stars in the neck of Canis 
Major next to that [star] towards the rear [XXXVIII 3, 4, 5], while the lone 
star over the head of Canis Major, outside it and at some distance [XXXVIII 
19], is about 2h° inside the eastern rim. The consistency in this whole region 173 is 
somewhat thinner. 

After that the milk passes through Argo. The western rim of the belt is defined HI 77 
by the northernmost and most advanced of the stars in the little shield in the poop 
[XL 5]. The star in the middle of the little shield [XL 6], the two stars close 
together under it [XL 8, 9], the bright star at the beginning of the deck near 
the steering-oar [XL 17] and the midmost of the three stars in the keel [XL 38] 
are just short of touching the same [western] edge. The northernmost of the three 
stars in the mast-holder [XL 22] defines the eastern rim, while the bright star in 
the stern-ornament [XL 2] is 1 ° within the same [eastern] edge, and the bright ' 
star under the rearmost little shield in the deck [XL 31 ] is the same amount, 1°, 
outside the same [eastern] edge. The southernmost of the two brilliant stars in the 
middle of the mast [XL 27] touches the same edge, and the two bright stars at 
the point where the keel is cut oil 1,4 [XL 35,36] are about 2° inside the advance 
rim. At that point the milk joins the belt through the legs ofCentaurus. 1 ' 5 The 
consistency in this area too, throughout Argo, is somewhat rarefied, but the 
sections of it around the little shield, the mast-holder and the point where the 
keel is cut oil* are more dense. , 

The belt we mentioned previously 1 ' 1 * forms a gap, as we said, between [itself 
and] the one we have [just] described, at Ara. Beginning at that point, it 
encloses the three joints of Scorpius' [tail] nearest the body [XXIX 12. 13, 14], HI78 
but leaves the rearmost star of the three in the body [XXIX 9] 1° outside its 
western rim. The star in the fourth joint [XXIX 16] lies in the open space 
between the two belts, about the same distance from each, a little more than 1 °. 

After that the advance belt turns aside to the east, in the shape of a segment of 
a circle, delining the advance edge of the milk by the star on the right knee of 
Ophiuchus [XIII 12], and the rear edge by the star on the same [right] shin 
[XIII 13], while the most advanced of the stars at the end of the same [right] leg 
[XIII 14] touches that same [rear] edge. Subsequently the western rim is 
defined by the star under the right elbow ofOphiuchus [XIII9], and the eastern 
rim by the more advanced of the two stars in the same [right] hand [XIII10]. 

172 Reading km rfiv (oxcav (with Ar; D 1 haseiti tfiv vamov) for em Ttp vtottp (‘on the back’) at 
HI 76,18. The correction was made by Kunitzsch, Der Almagest no. 533 on p. 322. It is confirmed by 
the whole context, and especially by the position of the star, 0 CMa. Manitius identifies the star 
here with XXXVIII 12, which is said in the catalogue to be ‘in the left shoulder*, but this star (o 2 
CMa) lies well outside the Milky Way as v iewed by Ptolemy. 

173 Reading to oX.ov touto r|pepa apaiotepov (with D) at HI76,24, to get a normal word 
order, for to xOua rotJto impend oXov dpaidxepov. 

174 Reading ev xff aitoTopTi (with D* ,Ar) at HI77,13-4 for iv t 7[ autrj tiTtoTopri (‘in the same cut¬ 
off of the keel’), which is senseless. 

175 1.e. the point where Ptolemy began the description, p. 400. 

176 1.e. the western ‘fork’ mentioned on p. 400. But it is tempting to follow Is, who has ‘advance’ 

(i.e. rcpOTyyoupevTi) here and ‘mentioned previously’ below at HI78,7 (i.e. Jtpoetpimevii for 
rcpoiryoupevTj, ‘advance’, of .the Greek mss.) 
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From that point on there is a considerable gap of open space, in which lie the 
two stars on the tail of Serpens (XIV 16,17] next to the star in the tip [of the tail, 
XIV 18]. The whole of the section of this belt which we have [just] finished 
describing consists of an extremely line and almost aery substance, except for 
the area enclosing the three joints [of Scorpius]. which is somewhat more 
concentrated. 

HI 79 After the gap the milk again makes a fresh beginning at the four star's to the 
rear of the right shoulder of Ophiuchus [XIII25,26,27,28]. The eastern rim of 
this belt is dellned (l>eingjust grazed) by the lone brilliant star under 1 ' 7 the tail 
of Aquila [XVI 9], while the opposite rim is defined by the star which is some 
distance to the north of the four just mentioned [XIII 29]. From there on this 
belt, besides being rarefied, is also contracted into a narrow space in the area 
which ia in advance ol the star in the beakul Cygnus [IX I j, so as to produce the 
appearance of a gap. However, the remainder of it, from the star in the beak up 
to the star in the breast of Cygnus [1X4], is wider and considerably denser. The 
star in the neck of Cygnus [IX 3] lies in the middle of the dense section. A 
rarefied section branches olf to the north from the star 1 ' 8 in the breast as far as 
the star in the shoulder of the right wing [IX 6] and the two stars close together 
in the right foot [IX 15, 16]. From this point, as we said, occurs a clear gap to the 
other belt, [a gap] stretching from the above-mentioned stars in Cygnus up to 
the bright star in the rump [IX 5]. 


3. J On the const ruction of a jioliti giube} 1,9 

Such. then, is the disposition of the phenomena associated with the Milky Way. 
But we also wish to provide a representation [of the fixed stars] by means of a 
HI80 solid globe in accordance with the hypotheses which we have demonstrated 
concerning the sphere of the fixed stars, according to which, as we saw. this 
sphere loo, like those of the planets, is carried around by the primary [daily] 
motion from east to west about the poles of the equator, but also has a proper 
motion in the opposite direction about the poles of the sun's, ecliptic circle. To 
this end we shall carry- out the construction of the solid globe and the delineation 
of the constellations in the following fashion. 

We make the colour of the globe in question somewhat deep, so as to 
resemble, not the daytime, but rather the nighttime sky . in which the stars 
actually appear. We take two points on it precisely diametrically opposite, and 
with these as poles draw a great circle: this will at all times be in the plane of the 
ecliptic. At right angles to the latter and through its poles we draw another 
[great] circle, and starting from one of the intersections of this with the first 


177 Reading (mo (with D,Ar) for napd (‘bv’) at HI79,4. Compare the description of XVI 9 (p. 
357i. 

,7B Reading and too ev t63 crrp0£i (with Ar) at HI 79.14-15 tor vat tSv£VTqiatn0£i. Corrected by 
Manitius v ano already suggested by Heiberg ad loc.) 

1,9 On this 'precession-glolxf see HAMA II 890-92, with Figs. 79-80 on p. 1399 (for an error in 
\eugebauer\s account see p. 405 n. 181). On the history of the star-globe in antiquity see Schlachter. 
Her (tlobu\. 
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circle we divide the ecliptic into the [conventional] 360 degrees, and write by it 
the numbers at intervals of however many degrees seems convenient. Then we 
make, from a tough and unwarped* 80 material, two rings with rectangular 
cross-section, accurately turned on the lathe in all dimensions: one should be 
smaller [than the other], and fit closely to the globe on the whole of its inner 
surface, while the other should be a little larger than this. In the middle of the 
convex face of each ring we draw a line accurately bisecting its width. Using 
these lines as guides, we cut out 181 one of the latitudinal sections 182 defined by 
the line over half of the circumference, and divide [each of] the semi-circular 
recessed sections [thus created] into 180 degrees. When this is done, we take the 
smaller of the rings as the one which will always represent the circle through 
both poles, that of the equator and that of the ecliptic, and also through the 
solstitial points ([this circle runs] along the piane surface of the above- 
mentioned recessed section), and. boring holes through the middle of it at the 
diametrically opposite points at the ends of the recessed section, we attach it, by 
means of pins [through those holes], to the poles of the ecliptic which we took on 
the globe, in such a way that the ring can revolve freely over the whole spherical 
surface. 

Since it is not reasonable to mark the solstitial and equinoctial points on the 
actual zodiac of the globe (for the stars depicted [on the globe] do not retain a 
constant distance with respect to these points), we need to take some fixed 
starting-point in the delineated fixed stars. So we mark the brightest of them, 
namely the star in the mouth of Canis Major [Sirius], on the circle drawn at 
right angles to the ecliptic at the division forming the beginning of the 
graduation, at the distance in latitude from the ecliptic towards its south pole 
recorded [in the star catalogue]. Then, lor each of the other fixed stars in the 
catalogue in order, we mark the position by rotating the ring with the 
graduated recessed lace about the poles of the ecliptic: we turn the face of its 
recessed section to that point on the [globe's] ecliptic w hich is the same distance 
from the beginning of the numbered graduation (at Sirius) as the star in 
question is from Sirius in the catalogue; 18 * then we go to that point on the 


180 si3t6voi> KCti TETajaevriq. The meaning of both adjectives is disputable. The context requires 
that the material \ certainly wood, although u/.rj does not mean w ood here, pace Mamtii] be strong in 
the sense that it can be cut into thin strips and bored through. Cf. Heron. Belopoeica 94. ed. Marsden 
p.30.12. where the side-pieces of a catapult must be made ec eCtovou cu/.ou. eutovoc occurs 
frequently in that work, and is usually applied to sinews or elements requiring elastic strength ,e.g. 
110. ibid.p.38.2: cf. Heron. Pneumatica. ed. Schmidt p. 200. where it is used of pieces of horn). But it 
seems improbable that Ptolemy means "flexible* wood here and the meaning "rigidly strong* is 
certain in one passage of Heron's Mechanics, preserved in Pappus. Synagoge VIII. 1132. 6-14. 
lEtapevrn; means literally "stretched*. I know of no real parallel, but take it to be a synonym of 
daTpaprjt;, *unwarped\ found frequently in Theophrastus, Historia Plantarum , e.g. 5.2.1. 

181 1 .e., cut out along the central line so that half the w idth jf the ring is removed for half the 
circumference of the ring. The purpose of this is that the graduated lace may be flush with the 
surface of the globe, and coincide with a great circle. The result is depicted in HAMA Fig. 80A p. 
1399. lower part. Xeugebauer is wrong (p. 891) in saying that the text implies the making of a 
central slit in the rings: he has been misled by Manitius’ translation. 

182 Reading 7T>.Eup<i3v (with D) for itkEopdc; at H181.5. Corrected by Manitius. 

,IW Since Sirius has in the catalogue (XXXVIII 1) the longitude H 17f°, this means that one 
subtracts 77;40° from the catalogue longitudes. Wherever my translation has ‘Sirius’, Ptolemy has 
kucov (‘the Dog’). Cf. p. 387 n.88. 


H181 


HI 82 
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graduated lace which we have [thus] positioned which is, again, the same 
distance from the ecliptic as the star is in the catalogue, either towards the north 
or towards the south pole of the ecliptic as the particular case may he, and at 
that point we mark the position of the star; then we apply to it a spot of yellow 
colouring (or, lor some stars, the colour they are noted [in the catalogue] as 
having), of a size appropriate to the magnitude of each star. 

As for the configurations of the shapes of the individual constellations, we 
make them as simple as possible, connecting the stars within the same figure 
only hv lines, which moreover should not be very different in colour from the 
general background of the globe. The purpose of this is, [on the one hand], not 
to lose the advantages ofthis kind of pictorial description, and [on the other] not 
HI 83 to destroy the resemblance of the image to the original by applying a variety of 
colours, but rather to make it easy for us to remember and compare when we 
actually come to examine [the starry heaven], since we will be accustomed to 
the unadorned appearance of the stars in their representation on the globe too. 

We also, then, mark the location of the Milky Way on [the globe], in 
accordance with its positions, arrangements, densities and gaps as described 
above. Then we attach the larger of the rings, which will always represent a 
meridian, to the smaller ring which fits around the globe, on poles coinciding 
with those of the equator. These points [the poles of the equator] are, in the case 
of the larger, meridian [ring], attached, again, at the diametrically opposite 
ends of the recessed and graduated face (which will represent the [section of the 
meridian] above the earth); but in the case of the smaller ring, [which passes] 
through both poles, they will be fixed at the ends of the diametrically opposite 
arcs which stretch the 23:51° of the obliquity from each of the poles of the 
ecliptic. We leave small solid pieces in the recessed parts of the rings, to receive 
the bore-holes for the attachments [of the pins representing the poles]. 

Now the recessed face of the smaller of the rings must, clearly, always 
coincide with the meridian through the solstitial points. So on any occasion 
H184 [when we want to use the globe], we set it to that point of the ecliptic graduation 
whose distance from the starting-point defined by Sirius is equal to the distance 
of Sirius from the summer solstice at the time in question (e.g. at the beginning 
of the reign of Antoninus, 12?° in advance). Then we fix the meridian ring in 
position perpendicular to the horizon defined by the stand [of the globe], 184 in 
such a way that it is bisected by the visible surface of the latter, but can be 
moved round in its own plane: this is in order that we may, lor any particular 
application, raise the north pole from the horizon by the appropriate arc for the 
latitude in question, using the graduation of the meridian [to place the ring 
correctly]. 

We shall suffer no disadvantage from our inability to mark the equator and 
the solstitial points on the globe itself. For since the face of the meridian is 
graduated, the point between the poles of the equator which is 90° of the 
quadrant distant from both will be equivalent to points on the equator, while 
the points 23;51° distant from that point will be equivalent to points on the two 
solstitial circles, the one to the north to those on the summer solstitial circle, and 

184 This has not been described. For a schematic representation, with a suggestion for how the 
motion in the plane of the meridian may be achieved, see HAMA p.1399 Fig. 80C. 
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the one to the south to those on the winter solstitial circle. Thus, when any 
required star is rotated with the primary, east-to-west rotation to the graduated 
face of the meridian, we can again, by means of that same graduation, 
determine its distance from the equator or the solstitial circles, as measured on 
the great circle through the poles of the equator. 


4. {On (he configurations particular to the fixed stars } 

Now that we have demonstrated the distinctive features of the pictorial 
representation of the fixed stars, it remains to discuss their configurations. The 
configurations involving the fixed stars, then, are, apart from those fixed 
configurations with respect to each other (e.g. such and such stars lie on a 
straight line, form a triangle, and the like), as follows: 

[1 ] those considered with respect to the planets, sun and moon, or the parts of 
the zodiac alone; 

[2] those considered with respect to the earth alone; 

[3] those considered with respect both to the earth and at the same time to the 
planets, sun and moon, or the parts of the zodiac. 

[1] Those configurations of the fixed stars with the planets and the parts of 
the zodiac alone which are accepted are 

[a] for all stars in general, when fixed star and planet come to be on the same 
circle through the poles of the ecliptic, or on circles which are di fie rent, but at 
intervals [of a regular polygon] with three, four or six angles, 181 i.e., which 
enclose an angle which is either a right angle or a third of a right angle greater or 
less than a right angle; 

[b] for some slat's in particular, those for which one of the planets can pass 
directly below it (these are the stars fixed in that narrow' band 18 * of the zodiac 
containing the latitudinal motions of the planets) - for these, [configurations] 
with the five planets concern their apparent contacts 187 or their occultations, 
and with the sun and moon, their last visibilities, conjunctions and first 
visibilities. We give the name 'last visibility’ to the situation when a star falls 
within the rays of [one ol] the luminaries and begins to become invisible; 
‘conjunction’, when it is covered by the centre of [one ol] them; 188 and ‘first 
visibility’, 189 when it escapes their rays and begins to be visible. 


185 These are the relationships trine, quartilc and sextile, commonly applied in astrology: see 
Bouche-Leclercq, e.g. 165-79. 

l86 jrpicrpa, literally ‘a sawn-out section’. This is probably the term that Ptolemy used for the 
‘drums’ containing the planetary models in Bk. II of his Planetary Hypotheses (preserved only in 
Arabic translation); see e.g. Op. Min. p. 113. The word has nothing to do with the geometrical 
‘prism’ here. 

l87 KoA.Xqaei<;. This is a technical term in astrology. It includes certain kinds of close approach, 
besides actual occultations. For details see Bouche-Leclercq 245, quoting Porphyrius. See also 
Vettius Valens, index p. 380, s.v. At Almagest IX 2 (H213,3), it appears to mean actual contact. 

188 Reading ctUTfflv (with D) for autoO at HI86,13. 

189 Literally ‘rising’ (£7ttToA.q). For the planets Ptolemy uses the more appropriate word (pam^. 
For an explanation of the full panoply of terms associated in traditional Greek astronomy with the 
risings and settings of stars see below pp. 409-10, and cf. Autolycus Ttepl fcTtttoXtov I introduction 
(ed. Mogenet 214). 
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[2] The configurations of the fixed stars with the earth alone are four in 
numl>er. The term applied by some people to all in common is ‘car dines’. 190 
Their individual titles are ‘ascendant’, ‘culmination above the earth’, ‘de¬ 
scendant’ and ‘culmination below the earth’. 191 Now in the region where the 
equator is in the zenith all the fixed stars rise and set and once in every 
revolution reach culmination above the earth, and once culmination below the 
H187 earth; for in that situation the poles of the equator lie on the horizon, and do not 

make any of the parallel circles either always visible or always invisible. And in 
the regions where [one of] the poles is in the zenith, none of the fixed stars either 
rises or sets. For in that situation the equator assumes the position of the 
horizon, and one of the hemispheres into which it divides [the heavens] rotates 
always above the earth, while the other rotates always below the earth. Hence 
each star repeats the same type of culmination twice in one revolution, some 
reaching culmination above the earth twice, the others culmination below the 
earth twice. But at the other, intermediate, terrestrial latitudes, some of the 
[parallel] circles are always visible, and some always invisible; so the stars cut off 
between these and the poles neither rise nor set. and perform two culminations 
in each revolution; those stars in the region which is always visible [culminate 
twice] above the earth, and those in the region which is always invisible 
[culminate twice] below the earth. The remaining stars, which lie on parallels 
greater [than the always visible and invisible parallels], both rise and set. and 
culminate once above the earth and once below the earth in each revolution. 
For these stars the time [of trav el] from any oneofthecardines back to the same 
one is the same at every place: it comprises one revolution, to the senses. 1 ‘*- The 
H188 time from one cardine to the one diametrically opposite is the same at ev ery place 
when one considers meridian [passage], since it comprises half a revolution. 
When one considers horizon [passage] it is again constant where the equator is 
in the zenith: each of the two intervals [from rising to setting and from setting to 
rising] comprises half a revolution, since in that case all the parallel circles are 
bisected, not only by the meridian, but also by the horizon. However, at all other 
terrestrial latitudes, if one takes separately the time spent above the earth and 
the time spent below the earth [by a star], neither is the same for all stars [at a 
given latitude]; nor is the time spent above the earth for any particular star 
equal to the time it spends below the earth, except for those stars which happen 
to lie precisely on the equator, fot the latter is the only circle which is bisected by 
the horizon at sphaera obi i qua too. whereas all the other [parallels] are divided 
[by the horizon] into arcs which are neither similar nor equal. Furthermore, in 
accordance with this, the time from rising or setting to one or other of the 
culminations is equal to the time from the same culmination to setting or rising, 
since the meridian bisects those segments of the parallels which are above and 
below the earth; but the times from rising or setting to the two [opposite] 
culminations are unequal at sphaera obliqua , but equal at sphaera recta , since only 

,w KEvxpa. The primary importance of these points is in astrology: see Bouche-i .cclercq 257-9. 

,9) The two types of culmination are usually known in modern times as ‘upper' and ‘lower' 
culmination (sec Introduction p. 19). I retain the literal terminology here for obvious reasons. 

192 The qualification ‘to the senses’ is inserted because of precession (the eftect of which is 
negligible over one daily revolution). 
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in the latter situation are the whole segments [of the parallel circles] above the 
earth equal to the segments below the earth. 193 Hence, for sphaera recta , 
[heavenly bodies] which culminate simultaneously always rise and set simul¬ 
taneously too (in so far as their motion about the poles of the ecliptic is 
imperceptible); 194 but. for sphaera obfiqua. [heavenly bodies] which culminate 
simultaneously neither rise nor set simultaneously, but the more southerly ones 
always rise later and set sooner than the more northerly. 

[3] The accepted configurations of the fixed stars considered with respect to 
the earth and at the same time to the planets or the parts of-the zodiac are: 
[a] in general, their risings, culminations or settings which are simultaneous 
with those of one of the planets or with some part of the zodiac; 

[h] in particular, their configurations with respect to the sun, which are of 9 
types. 

The first type of configuration is that called ‘dawn easterly’, when the star is 
on the eastern horizon together with the sun. One variety of this is called ‘dawn 
invisible later rising’, when the star, which is just at last visibility, rises 
immediately after the sun; another is called dawn true simultaneous rising', 
when the slat* arrives at the eastern horizon at precisely the same time as the sun; 
the third is called ‘dawn visible earlier rising, when the star, which is just at first 
visibility, rises before the sun. 

The second type of configuration is that called ‘dawn culmination’, when the 
sun is on the eastern horizon while the star is at the meridian, either above or 
below the earth. Of this too there are varieties: one is called ‘dawn invisible later 
culmination’, when the star culminates immediately alter sunrise; a second is 
called ‘dawn true simultaneous culmination’, when the star culminates at the 
same time as the sun rises; and the third is called ‘dawn earlier culmination’, 
when the star culminates immediately before sunrise. When the latter is a 
culmination alxjve the earth it is visible. 

The third type of configuration is that called ‘dawn westerly’, when the sun is 
on the eastern horizon and the star on the western. This too has varieties: one is 
called ‘dawn invisible later setting, when the star sets immediately after 
sunrise; 19 ’ a second is called ‘dawn true simultaneous setting’, when the star sets 
at exactly the same time as the sun rises; and the third is called ‘dawn visible 
earlier setting’, when the sun rises immediately after the star has set. 19h 

The fourth type of configuration is that called ‘meridian easterly*, when the 
sun is on the meridian and the star is on the eastern horizon. This too has 
varieties: one during the day and invisible, when the sun is culminating above 
the earth as the star is rising; the other during the night and visible, when the 
sun is culminating below the earth as the star is rising. 

The fifth type of configuration is that called ‘meridian culmination*, when 
sun and star both reach the meridian at the same time. This too has varieties: 


193 If a is the time from rising to upper culmination, b from upper culmination to setting, c from 
setting to lower culmination, and d from lower culmination to rising, then a = b and c = d 

but (at sphaera obliqua) a^c and b 5* d. 
!94 This implies that Ptolemy is thinking of planets as well as fixed stars. 

195 Reading dvateUavTOi; (with D) for dvai£M.ovTO<; at H190.18. Corrected by Manitius. 

I9b Reading KCtiaSuvavToq (with D) for Kaia5uvovTO<; at H190.22. 
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two are during the day and invisible, when the sun is culminating above the 
earth and the star is either culminating al>ove the earth together with the sun, or 
else culminating below the earth opposite it; and two are during the night, 
when the sun is culminating below the earth; of these one is invisible, when the 
star too culminates below the earth together with the sun, and the other is 
visible, when the star culminates alx>ve the earth opposite it. 

The sixth type of configuration is that called ‘meridian westerly’, when the 
sun is on the meridian and the star is on the western horizon. This too has 
H192 varieties: one during the day and invisible, when the sun is culminating above 
the earth as the star is setting; the other during the night and visible, when the 
sun is culminating below the earth as the star is setting. 

The seventh type of configuration is that called ‘evening easterly’, when the 
sun is on the western horizon and the star on the eastern. This again has 
varieties: one is called ‘evening visible later rising, when the star rises 
immediately alter the sun has set; another is called "evening true simultaneous 
rising’, when the star rises at the same time as the sun sets; the third is called 
"evening invisible earlier rising’, when the sun sets immediately alter the star 
has risen. 

The eighth type of configuration is that called ‘evening culmination’, when 
the sun is on the western horizon and the star is on the meridian either above or 
below the earth. This too has varieties: one is called "evening later culmination’, 
when the star culminates immediately alter sunset (when the culmination is 
above the earth, this is visible); 197 another is called ‘evening true simultaneous 
HI93 culmination’, when the star culminates at the same time as the sun sets; the 
third is called ‘evening invisible earlier culmination', when the sun sets 
immediately alter the star has culminated. 

The ninth type of configuration is that called "evening westerly', when the 
star is on the western horizon together with the sun. This too has varieties: one is 
called ‘evening visible later setting’, when the star, just at last visibility, sets 
immediately after the sun; another is called ‘evening true simultaneous setting', 
when the star sets at exactly the same time as the sun: and the third is called 
‘evening invisible earlier setting’, when the star, which is just at first visibility, 
sets [just] before the sun. 


5 . {On simultaneous risings , culminations and settings oj the fixed stars} 19 * 

Given the above definitions, the times of the true simultaneous risings, 
culminations and settings, which are taken with respect to the sun's centre, can 
be found by us immediately from the position of [the stars in question] in the 
delineation of the stars [on the solid globe], by purely geometrical methods. 
HI94 For the points on the ecliptic with which each lixed star simultaneously 


197 Adopting the reading of D,Ar, which omitscpaivopevov at HI92,19andaddsKa‘tTou7tEpYTiv 
toutou tpatvopevov yivetai after peaoupavriaii at Hi92,20. The text printed by Heiberg falsely 
implies that both upper and lower culminations are visible. 

198 See HAMA 32-4, 39. 
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culminates, rises or sets can be derived geometrically by means of the theorems 
[already] established. 199 

First, to demonstrate the simultaneous culminations, let [Fig. 8.1] 200 the 
circle through both poles, that of the equator and that of the ecliptic, be ABGD. 
Let AEG be a semi-circle of the equator about pole Z, and BED a semi-circle of 
the ecliptic about pole H. Draw through the poles of the ecliptic the great circle 
segment H0KL, and take on it point 0 as the required fixed star (for it is with 
respect to such circles [i.e. great circles through the poles of the ecliptic] that we 
have observed and recorded the positions of the fixed stars). Also, draw through 
the poles of the equator and the star at 0 the great circle segment Z0MN. 



Now it is obvious that the star at 0 culminates simultaneously with points M 
and N of the ecliptic and equator [respectively]. But these points, and arc0N, 
are given, as will be clear from the following considerations. From what we 
proved at the beginning of our treatise [I 13], since the [two] great circle arcs 
HL and NZ have been drawn to meet the two great circle arcs AH and AN, 
Crd arc 2HA:Crd arc 2AZ = 

(Crd arc 2HL:Crd arc 2L0).(Crd arc 2N0:Crd arc 2ZN). [M.T. I] 
But, immediately by hypothesis, each of the arcs AZ, ZN and HK are given as 
quadrants; from the catalogue, arc K0 is given from the stars latitude and arc 
KB from its longitude; and arc ZH and arc KL are given from the demonstrated 
obliquity of the ecliptic. 201 Hence it is clear that, of the arcs in question, arc HA 
[ = arc AZ + arc ZH], arc AZ, arc HL [= arc HK + arc KL], arc L0 


199 In I 13, 1 16 and II 7-8. 

200 Heiberg’s version of Fig. 8.1, derived from ms. A, is defective, since it contains a redundant 
point E. I follow the correct version in D,Ar. 

201 arc ZH = e, arc KL = 5 of point K. 


H195 
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[ = arc KL + arc K0] and also arc NZ are given. Hence the remaining arc, 
N0, will also be given. 

Again, since 

Grd arc 2ZH:Crd arc 2HA = 

H196 (Crd arc 2Z0:Crd arc 20N}.(Crd arc 2NL:Crd arc 2LA), [M.7. II] 

and, by the above, of the arcs in question, arc ZH, arc HA, arc Z0 [= arc ZN - 
arc N0] and arc 0N are given, and arc LA is given from [the given] arc KB, by 
means of [the arcs ol] the equator which rise together with [those of] the ecliptic 
at sphaera recta , the remaining arc, NL. will also be given. Similarly [by means of 
the rising-times at sphaera recta] arc MB of the ecliptic will be given from arc NA, 
the sum [of arc NL + arc LA]. 

Moreover the points on the equator and ecliptic which rise or set 
simultaneously with a fixed star can readily be found by means of the 
simultaneous culminations, in the following manner. 

Let [Fig. 8.2] ABCD be a meridian, AEG a semi-circle of the equator about 
pole Z, and BED a semi-circle of the horizon. Let the star rise at point H of the 
horizon, and draw the great circle quadrant ZH© through points Z, H. 



Then again, since [two] great circle arcs Z0 and EB have been drawn to meet 
HI97 two great circle arcs AZ and AE, 

Crd arc 2ZB:Crd arc 2BA = 

(Crd arc 2ZH:Crd arc 2H0).(Crd arc 20E:Crd arc 2AE). [M.T. II] 
But, of the arcs in question, arc ZA, arc Z0 and arc EA each comprise a 
quadrant, arc ZB [and hence arc BA = arc ZA - arc ZB] is given from the 
elevation of the pole, and point 0 of the equator and arc 0H [and hence 
arc HZ = arc Z0 - arc 0H] from the simultaneous culmination. Therefore 
the remaining [arc], 0E, will be given. 

For the simultaneous settings, too, it can easily be seen that if we cut olf an 
arc, 0K, in advance of© equal toarc0E, the star will set together with point K 
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of the equator. For in that situation the setting takes place on an arc [of the 
horizon measured from the meridian] equal to arc BH, and cuts off an angle in 
advance of the meridian equal to that enclosed to the rear [of it] by arc AZ and 
arc Z0 in the present situation. 

Furthermore, from the arcs of the equator and ecliptic which rise and set 
together which we have computed for each clima [II 8], there will immediately 
be given that point on the ecliptic which rises together with point E of the 
equator and the star, and that point which sets together with point K and the 
star. It is clear that at the moment when the sun is exactly in those points of the 
ecliptic, there will come to pass the risings, culminations and settings of the fixed 
star [in question] taken with respect to the sun's centre which are called ‘true 
simultaneous cardinal positions’. 202 


6 . {On first and last visibilities of the fixed stars} 203 

However, in the case of the first and last visibilities [of the fixed stars], we find 
that the geometrical method expounded [above], using only their position [in 
latitude and longitude], is no longer adequate. For it is not possible 204 to find the 
size of the arc by which the sun must be removed below the horizon in order for 
a given star to have its first or last visibility bv methods similar to the 
geometrical procedures by which, e.g.. one demonstrates the point on the 
ecliptic with which that star rises. For that arc [the arcus visionis] cannot be the 
same for all stars nor the same for a given star at all places [on earth], but varies 
according to the magnitude of the star, its distance in latitude from the sun, and 
the change in the inclinations of the ecliptic [with respect to the horizon]. 

For if we imagine [Fig. 8.3] a meridian circle ABGD, a semi-circle of the 
ecliptic AEZG, and a semi-circle of the horizon BED about pole H. it is clear 
that, given a star rising simultaneously with point E of the ecliptic. 203 ifastarof 
greater magnitude has its first visibility when the sun is at a distance of, e.g., arc 
EZ below the earth, a star of lesser magnitude, even one at an equal distance in 
latitude from the sun. will have its first visibility when the sun is at a greater 
distance than arc EZ, and [thus] the effect of its rays is weaker. Again, for stars of 
equal magnitude, if a star which is closer in latitude to point E has its first 
visibility at a distance [of the sun from the horizon] of arc EZ. a star w hich is 
farther than that [from point E in latitude] will have its first visibility at a lesser 
[solar] distance. For. given the same distance of the sun below the horizon, the 
rays in the vicinity of the ecliptic and of the sun itself are denser 20 ** than those 

2 u *auYKEVTp(6oei<;, cf. p. 408 n. 190, on KEvtpa. 

203 See HAMA II 927-8. 

204 Reading Suvaxov Eivai with the mss. at H198.18. Heiberg deletes Etvat, since one expects an 
indicative verb. But for the infinitive after words like EJtEtSq in oratio obliqua see Kiihner-Gerth II 
551, quoting Xenophon, Mem. 1.2.13, eOaupa^E. . . ettei xa’i toin; pEyicrcov (ppovouvra; ou tauta 

dXXqXou;. 

205 Ptolemy says *of those stars which rise simultaneously with point E\ However, he does not 
mean to compare a number of stars rising simultaneously with some fixed point of the ecliptic; for 
that would not allow the third situation envisaged, in which two different stars with the same 
latitude cross the horizon together with point E, and the angle at E is different in the two cases. 

206 Literally ‘more numerous’. 
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VIII6. Variations in distance of first visibility 


H 



farther away. [Finally], in the case of the stars of equal magnitude which rise at 
H200 equal distances in latitude [from the sun], the more the ecliptic is inclined to the 
horizon, [thus] making angle DEZ smaller, the greater the [solar] distance EZ 
at which the star will have its first visibility. 

For if, as in the following figure [Fig. 8.4], we also draw in the semi-circle 
H0ZK through the poles of' the horizon and the sun at Z, 207 which will, 
obviously, be perpendicular to the horizon, the [vertical] distance of the sun 
below the earth will always remain equal to Z0 for the same star, since, for an 
equal interval so taken, the [effect of] the rays above the earth will be similar: 
but if arc 0Z is kept constant, arc EZ will, as we said, become less as the ecliptic 
is raised more towards a perpendicular position, and greater as it is more 
inclined 208 [to the horizon]. 

Therefore we need observations for each individual fixed star in order to 
determine the [required] distance of the sun below the earth as measured along 
the ecliptic. And if even the distance vertical to the horizon (for instance, in the 
present figure [8.4], Z0) does not remain the same for the same stars at all 
H201 locations on earth, because the rays of similar density do not have the same 
obscuring effect 209 in the thicker air of the more northerly terrestrial latitudes, 
we will need observations, not merely at one terrestrial latitude, but at each of 
the others alike. However, if the arc corresponding to Z0 remains constant 
everywhere on earth for the same stars (as seems likely, since the fixed stars too 
must be affected by the variation in the atmosphere in the same way as the rays 
are), the distances observed at a single terrestrial latitude will suffice us to 
determine those at the other latitudes: [we can do this] by geometrical methods, 

207 Taking the reading of D at H20U, 6, tou Kara to Z (for to iccrra to Z), and at H200,7, H0ZK 
(also in Ar) for ©ZK. Corrected by Manitius. 

208 Reading eytcXivopEVOu (with D) for KEtcXipEvou at H200,13. 

2 W KaTa>.cgiirEiv, ‘shine on so as to obscure’. See p. 470 n.8. 
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whether the variation in the inclination of the ecliptic is due to the terrestrial 
location or to the demonstrated motion oft lie sphere of the fixed stars towards 
the rear with respect to it [the ecliptic]. 

[ To show this], in the figure described [Fig. 8.4], let the distance EZ be given 
from an observation at any one terrestrial latitude whatever. Then since, again, 
the [two great circle arcs] BO and ZA have been drawn to meet the two great 
circle arcs HB and HZ, 

Crd arc 2AB:Crd arc 2BH = 

(Crd arc 2AE:Crd arc 2EZ).(Crd arc 2Z0:Crd arc 20H). [M.T. II] 
But, of the arcs in question, arc BH and arc 0H are immediately [given, being] 
each a quadrant: and since point E. with which the star rises, is given by 
hypothesis. A, the culminating point, is also given, by means of the section on 
rising-times [II 9, p. 104]: thus arc AE too is given by this means, and arc EZ by 
the observation; and arc AH too [and hence arc AB = arc BH - arc AH] is 
given, being derived from the distance of point A from the equator (which is 
given from the Table of Inclination [I 15]) and from the distance of the equator 
horn the zenith along the same meridian (which equals the elevation of the 
pole). Therefore the remaining [arc], Z0, will be given: 

Once this [arc Z0] has been found, and provided that it remains the same for 
all locations, we can use it to derive the amounts of arc EZ at [all] other 
terrestrial latitudes from the same considerations. For again [in Fig. 8.4] 

Crd arc 2HB:Crd 2AB = 

(Crd arc 2H0:Crd arc 2Z0).(Crd arc 2ZE:Crd arc 2EA). [M.T. II]~ 
And, of the arcs in question, arc Z0 is now given by hypothesis; and since E, the 
point which rises together with the star at the terrestrial latitude in question, is 
given by the procedure demonstrated above [VIII 5 p. 412], and similarly arcs 
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416 VIII6. Computation of last visibility from arcus visionis 

EA and BA are given, 210 the remaining arc, which is arc EZ of the ecliptic, is 
also given. 

H203 We shall take the same method of operation for granted for the last 
visibilities, which occur near the setting-point. Practically the only difference 
will be that in the same figure [Fig. 8.4] the ecliptic will be drawn on the other 
side [of BED], in accordance with the way it is inciined when the horizon [arc] 
BD is taken as the western part [see Fig. N]. 


H 



K 

Fig. N 


We think that the above suflices as an indication of the methods in this type of 
theoretical investigation, enough [at least] so that it cannot be said that we hav e 
neglected this topic. However, seeing that the computation of this kind of 
prediction is of great complexity, not only because of the great number of 
different terrestrial latitudes and inclinations of the ecliptic inv olved, but also 
because of the sheer multitude of the fixed stars: seeing, too. that, in respect of 
the actual observations of the phases 211 it is laborious and uncertain, since 
[differences between] the observers themselves and the atmosphere in the 
regions of observation can produce variation in and doubt about the time of the 
first suspected occurrence, as has become clear, to me at least, from my own 
experience and from the disagreements in this kind of observations; seeing, 
furthermore, that because of the motion [through the ecliptic] of the sphere of 


2,0 As before, (p. 415), from £, the horoscope, we find A, the culminating point, by the procedure 
II 9 (p. 104). Thus we have arc EA. arc AB = arc BH - arc AH, where arc BH = 90° and 
arc AH = cp - 5 (A). 

211 Reading kcit’ outok; tcov (paoecov ittpriaetc;, with D, at H203T4, i.e. taking it as following 
evEKev and understanding too before £pyco5E<; te etvat. Heiberg prints to KaT’auTai; tgu; tcov (tcov) 
aatepcov ipaoeov TTjpr\oev<;, presumably understanding ttapd before it, but this is very harsh. By 
phases (cpaoetc;) Ptolemy means here both first and last visibilities. 
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VIII 6. Ptolemy declines to compute fixed-star phases 

the fixed stars, even for the individual terrestrial latitudes the simultaneous 
risings, culminations and settings cannot remain forever identical with the 
present ones, which would take such a vast amount of numerical and 
geometrical computations to calculate, we have decided to dispense with such a H204 
time-consuming operation. For the time being we content ourselves with the 
approximate [phases] which can be derived either from 212 earlier records 213 or 
from actual manipulation of the [star-]globe for any particular star. Moreover, 
we notice that the prognostications concerning the states of the atmosphere 
derived from first or last visibilities (if indeed one assigns these as the cause [of 
changes in the weather], and not rather the positions [of the sun] in the ecliptic), 
are almost always approximations, and do not exhibit a perfect regularity and 
invariability: it seems that this causal factor has only general application, and 
derives its strength, not so much from the actual times of the lirst or last 
visibility, as from the configurations with respect to the sun, taken as intervals in 
round numbers, and, in part, the inclinations 214 of the moon at those 
configurations. 


212 Reading dtro, with D, for cut’ auxfiv at H204,3. 

213 In his later work, Pkaseis , of which only Bk. II is preserved, Ptolemy lists many of these. 
2 ,4 irpoav€ua£i<;. From the Tctrabiblos (II 13, ed. Boll-Boer 100,7-9) it appears that Ptolemy 

means the direction (‘wind’) towards which the moon ‘points’ in its motion in [argument of] 
latitude. But see also ibid. II 14,5 (ed. Boll-Boer 102,2-3) where it seems to be the direction towards 
which the sickle or gibbous moon points. 





Book IX 


1. [On the order of the spheres of sun, moon and the 5 planets } 

Such, then, more or less, is the sum total of the chief topics one may mention as 
having to do with the fixed stars, in so far as the phenomena [observed] up to 
now provide the means of progress in our understanding. There remains, to 
[complete] our treatise, the treatment of the five planets. To avoid repetition we 
shall, as far as possible, explain the theory of the latter by means of an exposition 
common [to all five], treating each of the methods [for all planets] together. 

First, then, [to discuss] the order of their spheres, which are all situated [with 
their poles] nearly coinciding with the poles of the inclined, ecliptic circle: we 
see that almost all the foremost astronomers agree that all the spheres are closer 
to the earth than that of the fixed stars, and farther from the earth than that of 
the moon, and that those of the three [outer planets] are farther from the earth 
than those of the other [two] and the sun, Saturn's being greatest, Jupiter's the 
next in order towards the earth, and Mars' below that. But concerning the H207 
spheres of Venus and Mercury*, we see that they are placed below the sun’s by 
the more ancient astronomers, but by some oftheir successors these too are placed 
above [the sun’s], 1 lor the reason that the sun has never been obscured by them 
[Y r enus and Mercury] either. To us, however, such a criterion seems to have an 
element of uncertainty, since it is possible that some planets might indeed be 
below the sun, but nevertheless not always be in one of the planes through the 
sun and our viewpoint, but in another [plane], and hence might not be seen 
passing in front of it, just as in the case of the moon, when it passes below [the 
sun] at conjunction, no obscuration results in most cases. 2 

And since there is no other way, either, to make progress in our knowledge of 
this matter, since none of the stars 3 has a noticeable parallax (which is the only 
phenomenon from which the distances can be derived), the order assumed by 
the older [astronomers] appears the more plausible. For, by putting the sun in 
the middle, it is more in accordance with the nature [of the bodies] in thus 


1 There is a good deal of evidence for the identity of some of those who held the second opinion, 
including Plato, Eratosthenes and Archimedes. For details on this and other ancient arrangements 
see HAMA II 690-3. 

2 1.e. no transits of Venus or Mercury had been observed. Neugebauer has shown (HAMA 227-30) 
that transits are in fact predictable from Ptolemy’s own theory. Ptolemy later seems to have realized 
this, for in the Planetary Hypotheses (ed. Goldstein 2,28,10-12) he says: ‘if a body of such small size (aS 
a planet) were to occult a body of such large size and with so much light (as the sun), it would 
necessarily be imperceptible, because of the smallness of the occulting body and the state of the parts 
of the sun’s body which remain uncovered.’ (Goldstein’s translation here, p.6, is inaccurate). 

^This includes both fixed stars and planets. 
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IX L Order of the planetary spheres 

separating those which reach all possible distances from the sun and those 
which do not do so, but always move in its vicinity; provided only that it does 
not remove the latter close enough to the earth that there can result a parallax of 
any size. 4 

H208 2. {On our purpose in the hypotheses of the planets } 

So much, then, for the arrangements of the spheres. Now it is our purpose to 
demonstrate for the five planets, just as we did for the sun and moon, that all 
their apparent anomalies can be represented by uniform circular motions, since 
these are proper to the nature of divine beings, while disorder and non¬ 
uniformity are alien [to such beings]. Then it is right that we should think 
success in such a purpose a great thing, and truly the proper end of the 
mathematical part of theoretical philosophy. 5 6 But, on many grounds, we must 
think that it is difficult, and that there is good reason why no-one before us has 
yet succeeded in it. b For, [firstly], in investigations of the periodic motions of a 
planet, the possible [inaccuracy] resulting from comparison of [two] obser¬ 
vations (at each of which the observer may have committed a small 
observational error) will, when accumulated over a continuous period, produce 
a noticeable difference [from the true state] sooner when the interval [between 
the observations] over which the examination is made is shorter, and less soon 
when it is longer. But we have records of planetary observations only from a 
time which is recent in comparison with such a vast enterprise: this makes 
prediction for a time many times greater [than the interval for which 
observations are available] insecure. [Secondly], in investigation of the 
anomalies, considerable confusion stems from the fact that it is apparent that 
each planet exhibits two anomalies, which are moreover unequal both in their 

H209 amount and in the periods of their return: one [return] is observed to be related 
to the sun, the other to the position in the ecliptic; but both anomalies are 
continuously combined, whence it is difficult to distinguish the characteristics 
of each individually. [It is] also [confusing] that most of the ancient [planetary] 
observations have been recorded in a way which is difficult to evaluate, and 
crude. For [1] the more continuous series of observ ations concern stations and 
phases [i.e. first and last visibilities]. 7 But detection of both of these particular 


4 In his Planetary Hypotheses (see Goldstein’s edition! Ptolemv proposes a system in which the 
spheres of the planets are contiguous; thus the greatest distance lrom the earth attained by a planet 
is equal to the least distance attained by the one next in order outwards. This appears to provide 
support lor the order he adopts here, since it results in a solar distance very nearly the same as that 
obtained by a different method in Almagest V 15. Since this system also brings Mercury, at its least 
distance, to the moon’s greatest distance (64 earth-radii). Mercury ought to exhibit a considerable 
parallax, contrary to what is enunciated here. 

5 Cf. I 1 p. 35. ‘ 

6 We cannot doubt that not only planetary theories but planetary tables had been constructed 
belbre Ptolemy: the proof is supplied by Indian astronomy, which is based on Greek theories which 
are largely, if not entirely, pre-Ptolemaic, and indeed by Ptolemy's own reference to the 'Aeon- 
tables’ I>elow (p. 422). What he means is that all previous efforts were, by his criteria, 
unsatisfactory' 

' Ptolemy is certainly thinking ofthe Babylonian planetary'observations, which are characteristi¬ 
cally of this type. They have become available to us through the ‘diaries’ (see Sachs[2J), but to 
Ptolemy were probably known only through Hipparchus’ compilation (see p. 421). 
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phenomena is fraught with uncertainty: stations cannot be fixed at an exact 
moment, since the local motion of the planet for several days both before and 
after the actual station is too small to be observable; in the case of the phases, not 
only do the places [in which the planets are located] immediately become 
invisible together with the bodies which are undergoing their first or last 
visibility, but the times too can be in error, both because of atmospherical 
differences and because of differences in the [sharpness of] vision of the observers, 

[2] In general, observations [of planets] with respect to one of the fixed stars, 
when taken over a comparatively great distance, involve difficult computations 
and an element of guesswork in the quantity measured, unless one carries them 
out in a manner which is thoroughly competent and knowledgeable. This is not 
only because the lines joining the observed stars do not always form right angles 
with the ecliptic, but may form an angle of any size (hence one may expect 
considerable error in determining the position in latitude and longitude, due to H210 
the varying inclination of the ecliptic [to the horizon frame of reference]}; but 
also because the same interval [between star and planet] appears to the observer 
as greater near the horizon, and less near mid-heaven; 8 hence, obviously, the 
interval in question can be measured as at one time greater, at another less than 
it is in reality- 

Hence it was, I think, that Hipparchus, being a great lover of truth, for all the 
above reasons, and especially because he did not yet have in his possession such 
a groundwork of xesources in the form of accurate observations from earlier 
times as he himself has provided to us. 9 although he investigated the theories of 
the sun and moon, and, to the best of his ability, demonstrated with every 
means at his command that they are represented by uniform circular motions, 
did not even make a beginning in establishing theories for the five planets, not at 
least in his writings which have come down to us. 10 All that he did was to make a 
compilation of the planetary observations arranged in a more useful way, 11 and 
to show by means of these that the phenomena were not in agreement with the 
hypotheses of the astronomers of that time. For, we may presume, he thought 
that one must not only show that each planet has a twofold anomaly, or that 
each planet has retrograde arcs which are not constant, and are of such and 
such sizes (whereas the other astronomers had constructed their geometrical 
proofs on the basis of a single unvarying anomaly and retrograde arc); nor [that 
it was sufficient to show] that these anomalies can in fact be represented either 

8 This appears to be the only reference to the elfect oi' refraction (if that is what it is) in the 
Almagest, despite its obvious relevance e.g. to the observations of Mercury's greatest elongations in 
IX 7. Ptolemv discusses it (as a theoretical problem j in some detail in Optics V 23-30 (ed. Lejeune 
237-42). 

9 This seems to imply that Hipparchus recorded planetary observations of his own, which 
Ptolemy used to establish his theories. This may be true, but it is strange that Ptolemy cites not a 
single such observation by Hipparchus. Could Ptolemy mean merely that Hipparchus had not *yet’ 
assembled the compilation of earlier planetary observations which he mentions just below? 

10 The circulation of books in antiquity was so fortuitous that, even for one, like Ptolemy, who had 
access to the great resources of the libraries at Alexandria, this was a necessary caveat. 

11 1 have little doubt that all the older planetary observations cited in the Almagest are derived 
from this compilation (cf. p. 452 n.66), and that part of Hipparchus’ ‘rearrangement’ was to give 
their dates in the Egyptian calendar. For a similar service he rendered for the listing of lunar eclipses 
see HAMA 320-21. 
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IX 2. Earlier planetary theories unsatisfactory 

H211 by means of eccentric circles or by circles concentric with the ecliptic, and 
carrying epicycles, or even by combining both, the ecliptic anomaly being of 
such and such a size, and the synodic anomaly of such and such (for these 
representations have been employed by almost all those who tried to exhibit the 
uniform circular motion by means of the so-called ‘Aeon-tables’, 12 but their 
attempts were faulty and at the same time lacked proofs: some of them did not 
achieve their object at all, the others only to a limited extent); but, [we may 
presume], he reckoned that one who has reached such a pitch of accuracy and 
love of truth throughout the mathematical sciences will not be content to stop at 
the above point, like the others who did not care [about the imperfections]; 
rather, that anyone who was to convince himself and his future audience must 
demonstrate the size and the period of each of the two anomalies by means of 
well-attested phenomena which everyone agrees on, must then combine both 
anomalies, and discover the position and order of the circles by which they are 
brought about, and the type of their motion; and finally must make practically 
all the phenomena fit the particular character of the arrangement of circles in 
his hypothesis. And this, I suspect, appeared difficult even to him. 

The point of the above remarks was not to boast [of our own achievement]. 
Rather, if we are at any point compelled by the nature of our subject to use a 
procedure not in strict accordance with theory (for instance, when we carry out 
proofs using without further qualification the circles 13 described in the 
H212 planetary spheres by the movement [of the body, i.e.] assuming that these 
circles lie in the plane of the ecliptic, 14 to simplify the course of the proof); or [if 
we are compelled] to make some basic assumptions which we arrived at not 
from some readily apparent principle, but from a long period of trial and 
application, 15 or to assume a type of motion or inclination of the circles which is 
not the same and unchanged for all planets; 16 we may [be allowed to] accede 
[to this compulsion], since we know that this kind of inexact procedure will not 
affect the end desired, provided that it is not going to result in any noticeable 
error; and we know too that assumptions made without proof, provided only 
that they are found to be in agreement with the phenomena, could not have 
been found without some careful methodological procedure, even if it is difficult 

l2 5ta xq<; KaXoupevqq aitoviou icavovortouou;. In my opinion, Ptolemy is referring tcra type of 
work in which the mean motions of the planets were represented by integer numbers of revolutions 
in some huge period, in which they all return to the beginning of the zodiac, and the planetary 
equations were calculated by a combination of epicycles or of eccentre and epicycle which was not 
reducible to a geometrically consistent kinematic model, i.e. to a class of Greek works which were 
the ancestors of the Indian siddhamas. In this 1 am in agreement with van der Waerden, ‘Ewige 
Tafeln’, except that I believe that the ctitov implied by the title of these tables does not mean 
‘eternity’ (cf. the conventional translation, ‘Eternal Tables', which is philologically possible, but 
not necessary), but refers to the immense common period in which the planets return (cf. the Greek 
inscription of Keskinto, HAMA 698-705, and the Indian Mahayuga). The other two references to 
these tables in antiquity (P. Lond. 130, see Neugebauer-van Hoesen, Greek Horoscopes p. 21,112-13, 
and Vettius Valens VI 1, ed. Kroll 243,8) are consistent with, but do not require, this 
interpretation. 

13 Literally ‘as if the circles were bare [circles]’. 

14 Ptolemy in fact carries out all the proofs involving the longitudinal motions of the planets (in 
Bks. IX-XII) as if the motions lay in the plane of the ecliptic. 

15 The paradigm case of this is the introduction of the equant. 

16 E.g. the special model for the longitudinal motions of Mercury, or the special inclinations 
attributed to the inner planets for their latitudinal motions . 
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IX 2 . Observational basis of planetary theory 

to explain how one came to conceive them (for, in general, the cause offirst 
principles is, by nature, either non-existent or hard to describe); we know, 
finally, that some variety in the type of hypotheses associated with the circles [of 
the planets] cannot plausibly be considered strange or contrary to reason 
(especially since the phenomena exhibited by the actual planets are not alike 
[for all]); for, when uniform circular motion is preserved for all without 
exception, the individual phenomena are demonstrated in accordance with a 
principle which is more basic and more generally applicable than that of 
similarity of the hypotheses [for all planets]. 

The observations which w r e use lor the various demonstrations are those 
which are most likely to be reliable, namely [ 11 those in which there is observed 
actual contact or very close approach to a star or the moon, and especially [2] 
those made by means of the astrolabe instruments. [In these] the observer's line 
of vision is directed, as it were, by means of the sighting-holes on opposite sides 
of the rings, thus observing equal distances as equal arcs in all directions, and 
can accurately determine the position of the planet in question in latitude and 
longitude with respect to the ecliptic, by moving the ecliptic ring on the 
astrolabe, and the diametrically opposite sighting-holes on the rings 1 ' through 
the poles of the ecliptic, into alignment with the object observed. 


j. {On the periodic returns of the jive planets] 18 

$ 

Now* that we have completed the above discussion, we will first set out, (breach 
of the 5 planets, the smallest period in w hich it makes an approximate return in 
both anomalies, as computed by Hipparchus. 10 These [periods] have been 
corrected by us. on the basis of the comparison of their positions w hich became 
possible alter we had demonstrated their anomalies, as we shall explain at that 
point.' 0 However, we anticipate and put them here, so as to have the individual 
mean motions in longitude and anomaly set out in a convenient form for the 
calculations of the anomalies. But it would in fact make no noticeable dillerence 
in those calculations' 1 even if one used more roughly computed mean positions. 

17 It is not clear why the plural (‘rings’) is used (contrast the singular at V 1, H354.13). Although 
the sights are attached only to ring 1 in Fig. F (p. 218). Ptolemy is presumably referring to both 
ring I and ring 2, since ring 2 has first to be moved to the correct sighting position on the ecliptic 
ring (no. 3). 

18 See HAMA 130-2, Pedersen (270) has fallen into some confusion about Ptolemy’s procedure: 
see Toomer[3] 144-5. 

19 If Ptolemy means, as we may presume, that the periods ‘computed by Hipparchus’ are the 
relationships in integers, ‘57 returns in anomaly correspond to 39 years and 2 revolutions in 
longitude’, etc., then he seems ignorant of the fact that these are well-known (to us) Babylonian 
period relationships (for details see HAMA 151). 

20 This is a reference to the chapters on the ‘corrections of the mean motions’, IX10, X 4, X9, XI 
3 and XI7. The ‘comparison’ refers to the use in these chapters of two positions, separated by a long 
time-interval, to derive the mean motions. On the problem of the actual derivation of the 
corrections given here, and of the mean motions, see Appendix C. 

21 Ptolemy means that where he uses the mean motions in determining the eccentricity (e.g. X X 
p. 484) over the short periods involved (a few years) one could use quite crude parameters (e.g. the 
mean motions given by the uncorrected Babylonian periods) without seriously affecting the final 
result. He is right (see p. 484 n.33). The corrected mean motions are given here merely for 
convenience. Cf. the procedure for the lunar mean motion table, p. 179. 


H213 


H214 
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IX 3. Planetary periods (corrected) 

As a general definition, we mean by 'motion in longitude’ the motion of the 
centre of the epicycle around the eccentre, and by ‘anomaly’ the motion of the 
body around the epicycle. 

We find, then, that 

[1] for Saturn, 57 returns in anomaly correspond to 59 solar years (as defined 
by us, i.e. returns to the same solstice or equinox), plus about 1$ days, and to 2 
revolutions [in longitude] plus 1;43° (for in the case of the 3 planets which are 
always overtaken by the sun 22 the number of revolutions of the sun during the 
period of return is always, for each of them, the sum of the number of 
revolutions in longitude and the number of returns in anomaly of the planet); 

[2] for Jupiter, 65 returns in anomaly correspond to 71 solar years (defined as 
above) less about 4r& days, and to 6 revolutions of the planet from a solstice back 

H215 to the same solstice, less 4$°; 

[3] for Mars, 37 returns in anomaly correspond to 79 solar years (as defined by 
us) plus about 3; 13 days, 23 and to 42 revolutions of the planet from a solstice 
back to the same solstice, plus 3*°: 

[4] for Venus, 5 returns in anomaly correspond to 8 solar years (as defined by 
us) less about 2; 18 days, 24 and to a number of [longitudinal] revolutions of the 
planet equal to that of the sun, 8, less 2i°; 

[5] for Mercury, 145 returns in anomaly correspond to 46 of the same kind of 
years plus about 1 30 days, and to a number of [longitudinal] revolutions which 
is, again, equal to that of the sun, 46, plus 1°. 

But if, for each planet, we reduce the period of return to days, in accordance 
with the length of the year as demonstrated by us, and the number of returns in 
anomaly to degrees according to the system in which a circle contains 360°, 
we will get: 

for Saturn, 21551;18 d and 20520° of anomaly 
H216 for Jupiter, 25927:37 d and 23400° 25 of anomaly 
for Mars, 28857;43 d26 and 13320° of anomaly ‘ 
for Venus, 2919;40 d and 1800° of anomaly 
for Mercury, 16802;24 d27 and 52200° of anomaly. 

So we divide the degrees of anomaly proper to each by the appropriate 
number of days, and get the following for the approximate mean daily motions 
in anomaly: 28 

Saturn ' 0:57.7,43,41,43,40° 

Jupiter 0:54,9,2,46,26.0° 


"repiKaTaXaMfkwonevwv. Cf. 7tEpucaTaXr|V|/i<; HI 24.13. This feature distinguishes the three 
outer planets from the two inner ones, since the latter (usually) overtake the sun. 

23 Expressed by Ptolemy as 3 + 1 + !<j. 

24 Expressed by Ptolemy as 2 +J + A. 

21 Reading.fu, with D'.Ar, for£p (27400) at H216,I. Corrected by Manitius. 

- b Reading jJy for vy (53) at H2i6.2. Multiplying the Ptolemaic length of the year, 365;14,48*\ by 
79 and adding 3; 13 produces 28857;42,12, of which 28857;43 is the rounding. The ms. tradition is 
solid for 53, but nothing in the previous or subsequent calculations favours it. 

27 Precise calculation (cf. n.26) gives 16802;22,48. Possibly we should change 1 55 days (above) to 
15(5 days (reading k' for X' at H215,ll). 

28 For the problem of precisely how Ptolemy arrives at the parameters he gives for the planetary 
mean motions, which is not as simple as it appears here, see Appendix C. 
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IX 3 . Mean motions of the planets 


Mars 

0:27,41.40,19,20,58° 

Venus 

0;36,59,25,53,11,28° 

Mercury 

3:6,24,6,59,35,50°. 

For each of these we take 34 th to get the following mean hourly motions in 

anomaly: 


Saturn 

0:2,22,49,19,14,19,10° 

Jupiter 

0;2,15,22,36,56,5° 

Mars 

0:1,9,14,10,48,22,25° 

Venus 

0:1,32,28,34,42,58,40° 

Mercury 

0:7,46,0,17,28,59,35°. 

Then we multiply the daily motion of each by 30 to get the following mean 
monthly motions in anomaly: 

Saturn 

28;33,51,50,51,50,0° 

Jupiter 

27;4,31,23,13,0,0° 

Mars 

13;50,50,9,40,29,0° 

Venus 

18.29.42.56,35.44.0° 

Mercury 

93;!2,3,29,47,55,0°. 

Similarly, we 

multiply the daily motions by 365, the number of days in one 

Egyptian year. 

to get the following mean yearly motions in anomaly: 

Saturn 

347:32.0.48,50,38.20° ' 

Jupiter 

329:25,1,52,28,10,0° 

Mars 

. 168:28,30.17,42.32,50° 

Venus 

225:1.32.28.34.39.15° 29 

Mercury 

53;56,42,32,32,59,10° (increment [overcompletecircles]). 

In the same way, we multiply each of the annual motions by 18 (just as we did 
in the construction of tables for the luminaries), to get the following increments 
in mean anomaly for the period of 18 Egy ptian years: 

Saturn 

135:36,14,39,11,30,0° 

Jupiter 

169;30,33,44,27,0,0° 

Mars 

152:33,5,18,45,51,0° 

Venus 

90:27,44,34,23,46,30° 

Mercury 

251:0,45,45,53,45,0°. 

We can also find the mean motions in longitude corresponding to the above 
without reducing the number of [longitudinal] revolutions to degrees and 
dividing them by [the number of days in] the period set out above for each 
planet. For Venus and in Mercury, it is obvious that we can do this by taking 
the same mean motions as we set out previously for the sun; for the other three 
planets, by taking the difference between the [mean motion in] anomaly and the 
corresponding solar [mean] motion for each individual entry . 30 By this method 


we get the following mean motions in longitude: 


H217 


H218 


29 This corresponds to a mean daily motion of 0;36,59.25,53,11,27°, i.e. one less in the last place 
than that given above. Thus the mean motion table of Venus is based on difFerent parameters in 
different parts: on 28 in the last place for hours, days and months, and on 27 in the last place for 
years and 18-year periods. On the possible significance of this see Appendix G p. 671 n.ll. 

30 Venus and Mercuryliave the same mean motion in longitude as the sun. For the other planets, 
for any length of time, the sum of anomaly and mean motion equals the sun’s mean motion, because 
of the relationship stated at p. 424. 




426 


H219 


Daily: 

Saturn 

Jupiter 

Mars 

Hourly: 

Saturn 

Jupiter 

Mars 

Monthly: 

Saturn 

Jupiter 

Mars 

Yearly: 

Saturn 

Jupiter 

Mars 

For 18 years: 
Saturn 
Jupiter 
Mats 


IX 3. Mean motions of the planets 

0;2,0,33,31,28,51° 

0;4,59,14,26,46,31° 

0;31,26,36,53,51,33°. 

0;0,5,1,23,48,42,7,30° 

0;0,12,28,6,6,56,17,30° 

0:1,18,36,32,14,38,52,30°. 31 

1;0,16,45,44,25,30° 
2;29,37,13,23,15,30° 

15;43,18,26,55,46,30°. 

12; 13,23,56,30,30,15° 
30;20,22,52,52,58,35° 32 
191; 16,54,27,38,35,45°. 


220; 1,10,57,9,4,30° in mean motion 
186;6,51,51,53,34,30° \ increment [over 
203;4,20,17,34,43,30° j complete circles]. 

So once again, lor the user s convenience, we shall set out, for each of the planets 
in order, tables of the above mean motions derived by successive summation [of 
the motions for the appropriate time-interval]. Like the other [mean motion 
tables], these will be in 45 lines and 3 sections: the first section will contain the 
entries (obtained by successive summation) for the 18-year periods; the second 
will contain those for the years and hours, and the third those for the months 
and days. 

The tables are as follows. 


H220-49 4. {Tables of the mean motions in longitude and anomaly of the Jive planets]*'* 

[See pp. 427-41.] 


H250 5. {Preliminary notions [necessary^ jor the hypotheses of the 5 planets]** 

Now that these [mean motions] have been tabulated, our next task is to discuss 
the anomalies which occur in connection with the longitudinal positions of the 
live planets. The way we have approached it, to give the general outlines, is as 
follows. 


31 Reading Xt) (38,52,30) forXS (39) at H219,2, with D,Ar. Although the figure is rounded to 
39 in the table, there is no reason why it should be (for Mars alone) here. 

s ~ Reading vj^ vr\ ££ for (52,38,35) at H219,7, with D,Ar. Corrected by Manitius. 

33 Corrections to Heiberg: 

H235.24 (Mars, longitude, 3 h , last place) read vg for <; (6). Misprint. 

H238.3 (Venus, epoch in longitude) read o pe for fie (45°), with D 2 . 

Corrected by Manitius, but this is not {pace Manitii) a misprint in Heiberg. 

34 On chs. 5 and 6 see HAMA 149-50. 
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IX 4. Saturn’s mean motion tables 







































IX 4. Saturn's mean motion tables 


o 

1 0 


0 


0 


Saturn 

Longitude 


Saturn 

Anomaly 


210 7 

240 8 

97Q 9 


Longitude 


285 

38 

38 

28 

38 

20 

314 

12 

30 

19 

30 

10 

342 

46 

22 

!0 1 

22 

0 


H 

0 

0 

0 

26 

28 

30 

7 

7 

8 

15 

49 

oo 

49 

20 

52 

15 

43 

12 

3 

54 

45 

16 

0 

32 

8 

56 

23 

41 

36 

17 

0 

34 

9 

29 

55 

10 

27 

18 

0 

36 1 

10 

3 j 

26 

j 39 

18 

19 

0 

38 

10 

36 

58 

! 8 

9 

20 

0 

40 

11 

10 

29 

; 37 | 

0 

21 

0 

42 

11 

44 ! 

1 

: ^ 

51 


44 1 12 17 32 34 I 42 

46 i 12 51 | 4 3 I 33 

48 j 13 24 | 35 32 i 24 


50 13 58 7 1 15 

52 14 31 38 30 6 

54 15 5 9 58 57 


56 15 38 41 27 48 

58 16 12 12 56 39 

0 16 45 44 25 30 



3 39 7 

1 22 49 22 1 20 

9 6 31 6 | 0 


26 50 | 12 | 49 40 
34 33 i 54 1 33 20 


I 56 50 | 1 i 18 j 0 j 40 

I 53 57 I 44 ! 59 1 44 | 20 

! 51 5 j 28 ! 41 5 28 j 0 


48 13 12 23 11 40 

45 20 56 4 55 20 

42 28 39 46 39 0 
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IX 4. Jupiter’s mean motion tables 


Jupitei 

18-Year 
Periods 

[Epoch] Position in [Mean] 
Longitude : —4;41° 

Longitude 

[Epoch] Position in 
Anomaly : 146;4° 
[Epoch] Position of Apogee 
Anomaly 

: itb2;9° 



6 

51 

51, 

53 

34 

30 

169° 

Kfl 

33 

44 

27 


0 



13 

43 

43 

47 

9 


339 

1 

7 

28 

54 


0 



20 

35 

35 

40 

43 

30 

148 

31 

41 

13 

21 


0 

1 72 

24 

27 

27 

27 

34 

18 


318 

2 

14 

57 

48 

0 

0 


210 

34 

19 

19 

27 

52 


127 

32 

48 

42 

15 

0 

0 

108 

36 

41 

11 

11 

21 

27 

0 

297 

3 

22 

26 

42 

0 

0 

126 



B 





106 

33 

56 

11 

9 

0 

0 

144 








276 

4 

29 

DD 

36 

0 

0 

162 

235 







85 

35 

3 

40 

3 

0 

0 

180 

61 

8 

38 

38 

55 

45 

0 

255 

5 

37 

24 

30 

0 

0 

198 

247 

15 

30 

30 

49 

19 

30 

64 

36 

11 

8 

57 

0 

0 

216 

73 

22 

22 

22 

42 

54 

0 

234 

6 

44 

53 

24 

0 

0 

2J4 

259 

29 

14 

14 

36 

28 

30 

43 

37 

18 

37 

51 

0 

0 

252 

85 

36 

6 

(5 

30 

3 

0 

213 

7 

52 

22 

18 

0 

0 

270 

271 

42 

57 

58 

23 

37 

30 

22 

38 

26 

6 

45 

0 

0 






B 

■Eg 


192 

8 

59 

51 

12 

0 

0 






fly 



1 

39 

33 

35 

39 

0 

0 






H 



171 

10 

7 

20 

6 

0 

0 

542 

29(5 

10 

25 

25 

57 

55 

30 




in 




560 

122 

17 

17 

17 

51 

30 

0 




fly 




578 

508 


9 

9 

45 

4 

30 




H 







n 





129 

12 

22 

17 

54 

0 

0 









298 

42 

56 

2 

21 

0 

0 




Ea 





108 

13 

29 

46 

48 

0 

0 

450 

332 

5! 

36 

37 

19 

22 

30 

277 

44 

3 

31 

15 

0 

0 

4(58 

158 

58 

28 

29 

12 

57 

0 

87 

14 

37 

15 

42 

0 

0 

48(5 

345 

5 

20 

21 

6 

31 

30 

256 

45 

11 

0 

9 

0 

0 


171 

12 

12 

13 

0 

6 

0 

66 

15 

44 

44 

36 

0 

0 


357 

19 

4 

4 

53 

40 

30 

235 

46 

18 

29 

3 

0 

0 


183 

25 

55 

56 

47 

15 

0 

45 

16 

52 

13 

30 

0 

0 

558 

9 

32 



Kfil 

49 

30 

214 

47 

25 




0 

576 

195 

39 



34 

24 


24 

17 

59 




0 

594 

21 

46 



27 

58 


193 

48 

33 




0 

612 

207 







3 

19 

7 

m 

m 

Q 


630 

34 







172 

49 

40 

55 

45 

ifl 

IQUi 

648 

220 







342 

Eg 

14 

40 

12 

0 


666 

46 

13 

59 

■a 

2 

16 

30 

151 

El 

48 

24 

39 

0 

0 

684 

232 

wtm 

E3 

51 

55 

51 


321 

21 

22 

9 

6 

0 

0 


58 

27 

42 

43 

49 

25 



51 

55 

53 

33 

0 

0 


244 

34 

34 

35 

43 

0 


300 

22 

29 

38 

■1 

El 


738 


41 

26 

27 

36 

34 


109 

53 

3 

22 

27 

0 


756 

256 

48 

18 

19 


9 


279 

23 

37 

6 

54 

0 


774 

82 

55 

D3 

11 

23 

43 


88 

54 

Bfl 

51 

21 

0 

0 

792 

269 

2 

2 

3 

17 

18 


258 

24 

44 

35 

48 

0 

0 

810 

95 

8 

53 

55 

10 

52 


67 

55 

18 

El 

15 

0 

0 
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IX 4. Jupiter's mean motion tables 



54 

9 

2 

46 

26 

0 

48 

18 

5 

32 

52 

0 

42 

27 

| 8- 

19 

1 18 

! 0 


30 45 13 52 10 0 

24 54 16 38 36 0 


6 | 19 3 ! 19 25 j 2 ! 0 

7 j 13 12 j 22 l i j 28 j 0 

8 7 21 24 57 | 54 0 


9 1 30 27 44 20 0 

9 55 39 30 30 46 0 

0 49 48 33 17 12 0 



11 

43 

57 

— 

36 

3 

38 

— 

0 

12 

38 

6 

38 

50 

4 

0 

13 

32 

15 

41 

36 

30 

0 


34 j 45 
39 ! 44 


1 j 49 j 43 j 17 j 49 j 3 | 22 

1 | 54 I 42 j 32 I 15 | 49 j 53 

1 I 59 I 41 i 46 i 42 ! 36 i 24 


■H 


26 24 44 22 156 0 

20 33 47 9 I 22 0 

14 42 49 55 48 0 


8 51 52 | 42 14 0 

3 0 55 ] 28 40 0 

57 9 58 ! 15 6 j 0 


51 i 19 i 1 j l 32 0 

45 ! 28 | 3 | 47 58 0 

39 i 37 ! 6 1 34 24 0 


33 46 9 20 50 0 

27 55 12 7 16 0 

22 4 14 53 42 0 



29 42 28 

56 28 59 

23 15 30 


















































IX 4. Mars’ mean motion tables 
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Mars 

18-Year 
Periods 

[Epoch] Position in [Mean] 
Longitude : HP 3:32° 

Longitude 

[Epoch] Position in 
Anomaly : 327,13° 
[Epoch] Position of Apogee : 

Anomaly 

= 16:40° 

18 

203° 

4 

20 

17 

34 

43 

30 

152° 


H 

18 

45 

51 

0 

36 

46 

8 

40 

35 

9 

27 

0 




37 

31 

42 

0 

54 

249 

13 

0 

52 

44 

10 

30 




56 

17 

33 

0 

72 

92 

17 


10 

18 

54 


KB 

12 

21 

15 

3 

24 

0 


295 

21 


27 

53 

37 


42 

45 

26 

33 

49 

15 

0 


138 

26 


45 

28 

21 


195 

18 

31 

52 

35 

6 

0 

126 

341 

30 

9 

3 

3 

4 

tm 

347 

51 

37 

11 

20 

57 

0 

144 

184 

34 

42 

20 

37 

48 

o 

140 

24 

42 

50 

6 

4H 

0 

162 

27 

39 

2 

38 

12 

31 

gpg 

292 

57 

47 

48 

52 

39 

0 



43 

22 

55 

47 

15 

0 

85 

30 

53 

7 

38 

30 

0 

198 

73 

47 

43 

13 

21 

58 

30 

238 

3 

58 

26 

24 

21 

9 

216 

276 

52 

3 

30 

56 

42 

0 

30 

37 

3 

45 

10 

12 

0 

234 

119 

56 

23 

48 

31 

25 

30 

183 

10 

9 

3 

56 

3 

0 

252 

323 

0 

44 

6 

6 

9 

0 

335 

43 

14 

22 

41 

54 

0 

270 

166 

5 

4 

23 

40 

52 

30 

128 

16 

19 

41 

27 

45 

0 


MM 

n 

m 





280 

49 

25 

0 

13 

36 

0 


■ 

jpi 

El 





73 

22 

30 

18 

59 

27 

0 



Hi 

i 





225 

55 

35 

37 

45 

18 

0 




m 

99 




18 

28 

40 

56 

31 

9 

0 




. ~ 
to 

51 




171 

I 

46 

15 

17 

0 

0 



m 

6 

9 

El 



323 

34 

51 

l2L 

2 

51 

lJL 

396 

147 

35 

26 

26 

43 

57 

0 

116 

7 

56 


m 

|g| 


414 

350 

39 

46 

44 

18 

40 

30 

268 

41 

9 


a 



432 

193 

44 

7 

1 

53 

24 

0 

61 

14 

7 








m 

El 

28 

7 

30 

213 

47 

12 

49 

6 

15 

0 



31 

§ 


2 

51 

0 

6 

20 

18 

7 

52 

6 

0 



JEM 

D 

H 

37 

34 

30 

158 

53 

23 

26 

37 

57 

0 

504 

286 

l 

28 

12 

12 

18 

0 

311 

26 

28 

45 

23 

48 

0 

522 

129 

5 

48 

29 

47 

1 

30 

103 

59 j 

34 

4 

9 

39 

0 

540 

332 

10 

8 

47 

21 

45 

0 

256 

32 

39 

22 

55 

30 

0 

558 

175 

14 

29 

4 

56 

28 


49 

5 

44 

41 

41 

21 

0 

576 

18 

18 

49 

oo 

31 

12 


201 

38 1 

50 

0 

27 

12 

0 

594 

°21 

23 

9 

40 

5 

55 


354 

11 

55 

19 

13 

3 

0 

_ 

612 

64 

27 

29 

57 

40 

39 

o 

146 

45 

o 

37 

58 

54 

0 

630 

267 

31 

50 

15 

15 

22 

30 

299 

18 

5 

56 

44 

45 

0 

648 

110 

36 

10 

32 

50 

6 

0 

91 

51 

11 

15 

30 

36 

0 

666 

313 

40 

Wii 

50 

24 

49 


244 

24 

16 

34 

16 

27 

0 

684 

156 

44 

51 

7 

59 

33 


36 

57 

21 

53 

2 

18 



359 

49 

11 

25 

34 

16 


189 

30 

27 

11 

48 

9 


BUS 


53 

31 

43 

9 

0 

0 

342 

3 

32 

eh 

34 

El 


738 

45 

57 

52 


43 

43 

30 

134 

36 

37 

49 

19 

51 


756 

249 

2 

12 

18 

18 

m 

0 

287 

9 

43 

8 

5 

42 


774 

92 

6 

32 

35 

53 

10 


79 ! 

42 

48 , 

26 

51 

33 


792 

295 

B3 

52 

53 

27 

54 


232 

15 

53 

45 

37 

24 



138 

15 

13 

11 

2 

37 


24 

48 


4 

23 

15 
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IX 4. Mars’ mean motion tables 


Single 

Years 


Mars 

Longitude 


Mars 

Anomaly 


1 

191° 

16 


ESI 

38 


45 

168° 

28 

30 

17 

42 

32 

2 

22 

33 



17 


30 

336 

57 

0 

35 

25 

5 

3 

213 

50 



55 


15 

145 

25 

30 

53 

7 

E3I 

4 

45 

7 

37 


34 

23 

0 

313 

54 

1 

10 

50 

11 

5 

236 

24 

32 


12 

58 

45 

122 

22 

31 

28 

32 

44 

6 

67 

41 

26 


51 

34 

30 

290 

51 
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46 

15 

17 

7 

258 

58 

21 

13 


10 

15 

99 

■3 

32 



49 

8 

90 

15 

15 

41 


46 

0 

267 

MM 

2 



22 
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281 

32 

10 

8 


21 

45 

76 

o 

32 



55 

10 

112 

49 


36 


57 

30 

244 

45 

2 

57 

5 

28 

11 

304 

5 


4 


33 

15 

53 

13 

33 

14 

48 

1 

12 

135 

22 


31 


9 

0 

221 

42 

3 

32 

E3 

34 

13 

326 

39 

47 

59 

21 

44 

45 

30 

m 

33 

EH 

13 


14 

157 

56 

42 

27 

0 

, 20 

| 30 

198 

39 

4 

7 

55 


15 
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13 

36 

54 

38 

56 

j *5 

7 

7 

34 

25 

38 


16 

180 

30 










Eil 


17 

11 

47 










3 

EH 

18 

203 

4 










□ 

ml 


50 

40 

30 

20 

10 

0 


30 


20 

10 

0 


50 

40 

30 

20 

10 

0 


Hours 


Longitude 


Anomaly 


l 

0° 

1 

18 

36 

32 

14 

39 

— 

0° 

1 

u 



HI 


2 

0 

2 

37 

13 

4 

29 

18 

0 

2 






3 

0 

3 

55 

49 

36 

43 

56 

0 

3 




El 

KUB 

4 

0 

5 





119 




B3il 


13 


5 

0 

6 





14 




□ 


1 


6 

0 

7 


39 



53 




EH 


50 


7 

0 

9 

m 

15 

45 

42 

32 

0 





38 


8 

0 

10 

28 

52 

17 

57 

11 

0 


ill 



26 


9 

0 

U 

47 

28 

in 

11 

49 

0 

■3 

Eil 

Hi 


15 


10 

0 

13 

6 

5 

22 

26 

28 

0 

m 



48 

3 

44 
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0 

14 

24 

41 

54 

41 

7 

0 




58 

52 

6 

12 

0 

15 

43 

18 

26 

55 

46 

0 




9 

El 

29 

13 

0 

17 

1 

54 

59 

m 

25 


o 

if 

4 

20 

28 


14 

0 

18 

20 

31 

31 

25 

4 


o 

9 

18 

31 

17 


15 

0 

19 

39 

8 

3 

39 

43 


Ha 

□ 

32 

42 

5 


16 

0 

20 


EH 

35 

54 


0 

na 


m 

52 

53 

58 

17 
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IX 4. Mars’ mean motion tables 
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Venus 

[Epoch] Position in [Mean] 
18-Year Longitude : X 0:45° 

Periods Longitude 


18 355° 37 25 36 20 34 

36 351 14 51 12 41 9 

54 346 52 16 49 l 43 


72 342 

90 338 

108 333 


[Epoch] Position in 
Anomaly : 71;7° 

[Epoch] Position of Apoeee • 8 16:10° 
Anomaly 




I 50 
92 18 

182 46 


273 14 12 0 46 25 30 

3 41 56 35 10 12 0 

94 9 41 9 I 33 58 30 


45 0 

31 30 

I 18 0 


234 

303 

6 

32 

52 

27 

28 

30 

96 

252 

298 

43 

58 

28 

48 

3 

0 

186 

270 

294 

21 

24 

5 
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37 

30 
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| 23 

53 I 
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| 20 

I 24 
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i 5i 
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44 
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[ 22 j 
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IX 4. Venus’ mean motion tables 


























































IX 4. Mercury’s mean motion tables 
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Mercury 

[Epoch] Position in [Mean] 
18-Year Longitude : X 0;45° 

Periods Longitude 


18 355° 37 

36 351 14 

54 346 52 


[Epoch] Position in 
Anomaly: 21;55° 

[Epoch] Position of Apogee : — 1;10° 
Anomaly 



30 30 35 50 0 0 

31 16 21 43 45 0 

32 2 7 37 30 0 


774 

171 49 21 2 44 

43 

3 

792 

167 26 46 39 5 

18 


810 

163 4 12 15 25 

52 
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IX 4. Mercury’s mean motion tables 


Single 

Mercury 

Years 

Longitude 


Mercury 

Anomaly 





358 17 

358 3 

357 48 


357 34 

357 19 
357 4 


356 50 

356 35 

356 21 


356 6 

355 I 52 
355 i 37 



53 17 28 

18 2 49 

42 48 10 17 I 15 


7 33 31 25 50 

32 18 52 34 25 

57 4 13 43 0 


21 49 34 51 35 

46 34 I 56 0 10 

11 20 ! 17 8 45 


36 5 38 17 20 

0 50 59 25 55 

25 36 20 34 30 


Longitude 



50 43 3 

4! 26 6 

32 9 9 


9 51 22 52 12 

12 19 13 35 15 

14 47 4 18 18 



0 24 38 27 10 30 

0 27 6 17 53 33 

0 29 34 8 36 36 



3 37 57 24 

54 21 0 25 

45 4 3 27 


0 54 12 35 47 6 28 

0 56 40 26 30 9 29 

0 59 8 *17 13 12 31 


215 46 50 10 11 56 40 

269 43 32 42 44 55 50 

323 40 15 15 17 55 0 


57 47 50 54 10* 

40 20 23 53 20 

22 52 56 52 30 
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287 20 


25 29 51 
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IX 4. Mercury's mean motion tables 














































































































442 IX 5, Representation of planetary anomalies by eccentre and epicycle 

There are, as we said, 35 two types of motion which are simplest and at the 
same time sufficient for our purpose, [namely] that produced by circles 
eccentric to [the centre of] the ecliptic, and that produced by circlesconcentric 
with the ecliptic Out carrying epicycles around. There are likewise two apparent 
anomalies for each planet: [1] that anomaly which varies according to its 
position in the ecliptic, and [2] that which varies according to its position 
relative to the sun. 

For [2] we find, from a series of different [sun-planet] configurations observed 
round about the same part of the ecliptic, 36 that in the case of the five planets 37 
the time from greatest speed to mean is always greater than the time from mean 
speed to least. Now this feature cannot be a consequence of the eccentric 
hypothesis, in which exactly the opposite occurs, since the greatest speed takes 
H251 place at the perigee in the eccentric hypothesis, while the arc from the perigee to 
the point of mean speed is less than the arc from the latter to the apogee in both 
[eccentric and epicyclic] hypotheses. But it can occur as a consequence of the 
epicyclic hypothesis, however only when the greatest speed occurs, not at the 
perigee, as in the case of the moon, but at the apogee; that is to say, when the 
planet, starting from the apogee, moves, not as the moon does, in advance [with 
respect to the motion] of the universe, but instead towards the rear. Hence we 
use the epicyclic hypothesis to represent this kind of anomaly. 38 

But for [ 1 ], the anomaly which varies according to the position in the ecliptic, 
we find from [observations of] the arcs of the ecliptic between [successive] 
phases or [sun-planet] configurations of the same kind 39 that the opposite is 
true: the time from least speed to mean is always greater than the time from 
mean speed to greatest. This feature can indeed be a consequence of either of 
the two hypotheses (in the way we described in our discussion of the equivalence 
of the hypotheses at the beginning of our treatise on the sun [III 3]). But it is 
more appropriate to the eccentric hypothesis, 40 and that is the hypothesis which 
we actually use to represent this kind of anomaly, since, moreover, the other 
anomaly was found to be peculiar, so to speak, to the epicyclic hypothesis. 

Now from prolonged application and comparison of observations of 
individual [planetary] positions with the results computed from the combin- 
H252 ation of both [the above] hypotheses, we find that it will not work simply to 
assume 41 [as one has hitherto] that the plane in which we draw the eccentric 


35 III 3 p. 141. 

36 This eliminates the effect of the ecliptic anomaly. Examples would be observ ations of Mars at 
opposition, station and (by interpolation) conjunction all near the same point in the ecliptic. 

37 Excising kcu belbreETUTtov ttevte TtA-avtopEviov at H250.I7. (teat was apparently omitted in the 
text translated by al-Hajjaj). One would have to translate Heiberg’s text 'in the case of the five 
planets too’ (as well as the sun and moon). But the situation is precisely the opposite for the sun and 
moon (see e.g. Ill 4 p. 153). Perhaps the whole phrase ica'l . . . nXavcopEVCOV is an ancient 
interpolation. 

38 See Ptolemy’s discussion of this point at III 3 p. 144-5. However, as Neugebauer points out 
{HAMA 149-50) it is perfectly possible for an eccentric model to represent the planetary motions, 
provided the apsidal line is allowed to move, and precisely this kind of eccentric model is described 
at XII 1, though even there Ptolemy restricts its applicability to the outer planets. 

39 This eliminates the effect of the synodic anomaly. Examples would be observations of 
oppositions of Mars in different parts of the ecliptic (as in X 7). 

40 Cf. Ill 4 p. 153, where Ptolemy prefers it on the ground that it is ‘simpler’. 

41 Literally ‘that the assumption that . . . cannot progress so simply’. 
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IX 5 . Introduction of equant point 

circles is stationary, and that the straight line through both centres (the centre of 
the [planet’s] eccentre and the centre of the ecliptic), which defines apogee and 
perigee, remains at a constant distance from the solstitial and equinoctial 
points; nor [to assume] that the eccentre on which the epicycle centre is carried 
is identical with the eccentre with respect to the centre of which the epicycle 
makes its uniform revolution towards the rear, cutting olT equal angles in equal 
times at [that centre]. Rather, we find that the apogee of the eccentre performsa 
slow motion towards the rear with respect to the solstices, which is uniform 
about the centre of the ecliptic, and comes to about the same for each planet as 
the amount determined for the sphere of the fixed stars, i.e. 1° in 100 years (at 
least, as far as can be estimated on the basis of available evidence). We find, too, 
that the epicycle centre is carried on an eccentre which, though equal in size to 
the eccentre which produces the anomaly, is not described about the same 
centre as the latter. For all planets except Mercury the centre [of the actual 
deferent] is the point bisecting the line joining the centre of the eccentre 
producing the anomaly to the centre of trie ecliptic. For Mercury alone, [the 
centre of the deferent] is a point whose distance from the centre of the circle 
about which it rotates is equal to the distance of the latter point towards the 
apogee from the centre of the eccentre producing the anomaly, which in turn is 
the same distance towards the apogee from the point representing the observ er; 
for also, in the case of this planet alone, we find that, just as for the moon, the H253 
eccentre is rotated by [the movement ol] the above-mentioned centre in the 
opposite sense to the epicycle, [i.e.] in the advance direction,'one rotation per 
year. [This must be so] because the planet itself appears twice in the perigee in 
the course of one revolution, just as the moon appears twice in the perigee in one 
[synodic] month. 


6. [ On the type oj and difference between the hypotheses] 

One may more easily grasp the type of the hypotheses w hich we infer on the 
basis of the preceding [phenomena] from the following description. 

First for that of the [four planets] other [than Mercury], imagine [Fig. 9.1] 
the eccentre ABC about centre D, w ith ADG as the diameter through D and the 
centre of the ecliptic; on this let E be taken as the centre of the ecliptic, i.e. the 
viewpoint of the observer, making A the apogee and G the perigee. Let DE be 
bisected at Z, and with centre Z and radius DA draw' a circle H0K, which 
must, clearly, be equal to ABG. Then on centre 0 draw the epicycle LM, and H254 
join L0MD. 

First, then, although we assume that the plane of the eccentric circles is 
inclined to the plane of the ecliptic, and also that the plane of the epicycle is 
inclined to the plane of the eccentres, to account for the latitudinal motion of 
the planets, in accordance with what we shall demonstrate concerning that 
topic, nevertheless, for the motions in longitude, for the sake of convenience, let 
us imagine that ail [those planes] lie in a single [plane], that of the ecliptic, since 
there will be no noticeable longitudinal difference, not at least when the 
inclinations are as small-as those which will be brought to light for each of the 
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IX 6, Model for planets other than Mercury 



Fig. 9.1 


planets. Next, we say that the whole plane [of the eccentre] moves uniformly 
about centre E towards the rear [i.e. in the order] of the signs, shifting the 
position of apogee and perigee 1° in 100 years, and that diameter L0M of the 
epicycle rotates uniformly about centre D, again towards the rear [i.e. in the 
H255 order] of the signs, with a speed corresponding to the planet’s return in 
longitude, and that it carries with it points L and M of the epicycle, and centre 0 
of the epicycle (which always moves on the eccentre H0K), and also carries 
with it the planet; the planet, for its part, moves with uniform motion on the 
epicycle L\1 and performs its return always with respect to that diameter [of the 
epicycle] which points towards centre D, with a speed corresponding to the 
mean period of the synodic anomaly, and [a sense of rotation] such that its 
motion at the apogee L takes place towards the rear. 

We can visualise the peculiar features of the hypothesis for Mercury as 
follows. Let [Fig. 9.2] the eccentre producing the anomaly be ABC about centre 
D, and let the diameter through D and centre E of the ecliptic be ADEG, 
[passing] through the apogee at A. On AG take DZ towards the apogee A, equal 
to DE. Then everything else remains the same, namely the whole plane, 
[revolving] about centre E, shifts the apogee towards the rear by the same 
amount as for the other planets, the epicycle is revolved uniformly about centre 
D towards the rear, as [here] by the line DB, and furthermore the planet moves 
on the epicycle in the same way as the others. But in this case the centre of the 
other eccentre, which is, again, equal in size to the first eccentre, and on which 
H256 the epicycle centre is always located, is carried around point Z in the opposite 
sense to the motion of the epicycle, namely in advance [i.e. in the reverse order] 
of the signs, but uniformly and with the same speed as the epicycle, as [here] by 
the line ZH0. Thus in one year each of the lines DB and ZH0 performs one 
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G 

Fig. 9.2 


return with respect to a [given] point of the ecliptic, but, with respect to each 
other, obviously, two returns. And [the centre of that eccentre] will always be at 
a constant distance from point Z. and that distance too will be equal to both ED 
and DZ (as [here] ZH). Thus the small circle described by its motion in 
advance, with centre Z and radius ZH, always has on its boundary the point D 
(the centre of the first, fixed eccentre) too; and the moving eccentre, at any 
given moment, can be described with centre H and radius H0 equal to DA (as 
here 0K), the epicycle always having its centre on it (as here at point K). 

We shall get an even clearer grasp of these hypotheses from the demonstrations 
we shall make [in determining] the parameters for each planet individually. In 
those demonstrations will also frequently become clear, [at least] in outline, the H25 
motives which somehow led us to adopt these hypotheses. 

However, one must make the preliminary point that the longitudinal periods 
do not bring the planet back to the same position both with respect to a point on 
the ecliptic and [simultaneously] with respect to the apogee or perigee of the 
eccentre; this is due to the shift in position which we assign to the latter. Hence 
the mean motions in longitude which we tabulated above represent, not the 
returns [of the planets] defined with respect to the apogees of the eccentres, but 
the returns defined with respect to the solstitial and equinoctial points, agreeing 
with the length of the year as we have determined it. 42 

Now we must prove first that from these hypotheses too it follows that, for 
equal distances of the planet in mean longitudinal motion on opposite sides of 
apogee or perigee, the equation of ecliptic anomaly on one side [of apogee or 

42 In other words, the mean motions tabulated by Ptolemy are tropical, not sidereal mean motions, 
and since the apogees are, by his definition, sidereally fixed, a return in longitude (to the same point 
in the ecliptic) must differ slightly from a return to the apogee. 
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446 IX 6. Symmetries in planetary model 

perigee] is equal to that on the other side, and that the greatest elongation on 
the epicycle 1'rom the mean position [on one side is equal to that] in the same 
direction [on the other side]. 41 

Let [Fig. 9.3] the eccentric circle on which the epicycle centre moves be 
ABGD on centre E, with diameter AEG, on which Z is taken as the centre of the 
ecliptic, and H as the centre of the eccentre producing the anomaly, i.e. the 
point about which we say the unilorm motion of the epicycle takes place. Draw 
H238 BH© and DHK at equal distances 1’rom apogee A (so that Z AHB = Z AHD), 
draw on points B and D epicycles of equal size, and join BZ and DZ. From Z, 
the observer, draw ZL and ZM as tangents to the [two] epicycles in the same 
direction [i.e. both towards the perigee|. 



G 

Fig. 9.3 


I say [1] that the angles of the equation of ecliptic anomalv 
Z ZBH = Z HDZ 

[2] similarlv, that the greatest elongations on the epicvcle 
ZBZL = ZDZM. 

(For, [if these statements are true], the amounts of the greatest elongations from 
the mean [position] resulting from the combination [of the hypotheses] will also 
be equal [on opposite sides of the apsides]). 44 

[Proof:] Drop perpendiculars BL and DM from B and D on to ZL and ZM, and 
perpendiculars EN and EX from E on to DK. and B0. 

43 Bv in the same direction’ is meant both towards apogee' or both towards perigee'. This is 
explained by Fig. 9.3. Ptolemy is earn ing out the proof of symmetry analogous to that performed 
for the models of the sun and moon (III 3 pp. 151-3). 

44 Z BZL etc. are the true maximum elongations (as seen f rom the earth). In what follows Ptolemy 
is going to compare the mean maximum elongations, and it is essential to his proof that these too be 
symmetrical about the line of the apsides. Since the latter differ from the angles BZL etc. by an angle 
equal to the equation of centre, or Z ZBH etc., the symmetry is guaranteed bv theequations[l] and 

I2f 
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Then, since Z XHE = Z NHE 45 
and the angles at N and X are right 

and EH is common to the equiangular triangles [NHE, XHE], 
NH = XH 

and perpendicular EN = perpendicular EX. 

Therefore lines B© and DK are equidistant from centre E. 
Therefore they are equal to one another, 46 
and their halves are equal to one another [i.e. BX = DN]. 
Therefore, by subtraction [of XH from BX and NH from DN], 
BH = DH. 


But HZ is common [to triangles BHZ, DHZ] 
and Z BHZ = Z DHZ 47 . 
Therefore base BZ = base DZ 
and Z HBZ = Z HDZ. 


But also BL = DM (radii of the epicycle), 
and the angles at L and M are right. 

.. ZBZL = ZDZM. 


Q.E.D. 

Again, to represent the hypothesis for Mercury, let [Fig. 9.4] ABC be the 
diameter through the centres and apogee of the [eccentric] circles, and let Abe 
taken as the centre of the ecliptic. B as the centre of the eccentre producing the 
anomaly, and G as the point about which rotates the centre of the eccentre 
carrying the epicycle. Draw, again on both sides [of the apogee], lines BD and 
BE, representing the uniform motion of the epicycle towards the rear, and lines 


H259 



R 

Fig. 9.4 


45 Because thev are vertically opposite the equal angles AHB and AHD. 

46 Euclid III 14. 

47 Excising I s ) urco td<; icrag TtXeupdg at H259,4-5. Heiberg emended toi^ wed tcov tocov rcXcuptov 
(the normal expression). It would mean ‘the angles enclosed by the equal sides’, and was presumably 
interpolated to make explicit the condition of Euclid 14, ‘If two triangles have two sides equal to two 
sides, and have the angles enclosed by the equal straight lines equal, they will also have the base 
equal to the base’. The reason for the equality of the angles is that they are the supplements of the 
equal angles AHB and AHD.- 
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H260 


H261 


GZ and GH representing the revolution of the eccentre in advance with a speed 
equal [to the epicycle’s]. (So it is clear that the angles at G and B must be equal, 
and BD must be parallel to GZ, and BE to GH). On GZ and GH take the 
centres of the [moving] eccentres - let them be 0 and K - and let the eccentres 
drawn on those centres (on which the epicycles are located), pass through points 
D and E. On points D and E draw epicycles (again equal), join AD and AE, and 
draw AL and AM tangent to the epicycles on the same side [of the epicycles]. 

Then we must prove that in this situation too the angles of the equation 48 of 
ecliptic anomaly 

Z ADB = Z AEB, 

and that the angles of greatest elongation on the epicycle 
ZDAL = ZEAM. 


[Proof:] Join B0, BK, 0D and KE, 
and drop perpendiculars GN and GX from G on to BD and BE, 

perpendiculars DZ and EH from D and E on to GZ and GH, 
and perpendiculars DL and EM from D and E on to AL and AM. 

Then, since Z GBN =Z GBX [by hypothesis] 
and the angles at N and X are right 
and line GB is common [to triangles GBN, GBX], 

GN = GX 


i.e. DZ = EH. 49 
And also 0D = KE 50 
and the angles at Z and H are right. 

So Z D0Z = Z EKH. 

And because [in triangles G0B, GKB] 

0G = GK (by hypothesis) 
and GB is common 
and Z 0GB = Z KGB, 
hence Z G0B = Z GKB. 

Therefore, by subtraction, Z B0D = Z BKE, 51 
and base BD = base BE. 52 
But again [in triangles BAD, BAE] 

BA is common 

and Z DBA = Z EBA [by hypothesis]. 

So base AD = base AE 
and Z ADB = Z AEB. 

By the same reasoning [as before] 

since DL = EM [epicycle radii] 
and the angles at L and M are right, 

Z DAL = Z EAM. 

Q.E.D. 


48 Reading toC mpa xf|v C<pStaKr|v avtopaXiav Piatpopou at H260.8. Heiberg, following the 
Greek mss., omits the last word,'which was restored by Halma (followed by Manitius), apparently 
without authority. It was in fact read by Is. 

GZDN and GHEX are parallelograms. 

30 .Although one can see that this must be so by symmetry, the proof is quite intricate. For the radii 
of the deferent in its two positions are not ©D and KE, but KD and ©E. Cf. Manitius p. 435. 

3 (Z B©D = 180° - (Z D©Z + Z G©B). Z BKE = 180° - (Z EKH 4- Z GKB). 

52 In the congruent triangles B©D, BKE. 
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7. [Demonstration of [the position of | the apogee of Mercury and of its displacement} 53 

After establishing the above theory, we determined, first, in what part of the 
ecliptic Mercury’s apogee lies, by the following method. 

We sought out observations of greatest elongations in which the distance [of 
Mercury] as morning-star from the mean longitude of the sun (i.e. from the 
mean longitude of the planet) is equal to its distance as evening-star. For once 
we had found such a situation, it necessarily follows from our [above] 
demonstrations that the point on the ecliptic halfway between the two positions 
[of Mercury as morning-star and evening-star] occupies the apogee of the 
eccentre. 

The observations which we used for this purpose are few in number, because 
precisely such combinations [of planet and sun positions] rarely occur; 
nevertheless they are sufficient to exhibit the desired result. The more recent of 
them are the following. 

[1] In the sixteenth year of Hadrian, Phamenoth [VII] 16/17 in the 
Egyptian calendar [132 Feb. 2/3], in the evening, we observed Mercury’, by 
means of the astrolabe instrument, at its greatest distance from the mean 
longitude of the sun. Also, from a sighting with respect to the bright star in the 
Hyades, it was seen then to occupy a longitude of X 1°. At the time in question 
the sun’s mean longitude was ~ 9i°. So the greatest elongation from the mean 
as evening-star comes out as 214 V 4 

[2] And, in the eighteenth year of Hadrian, Epiphi [XI] 18/19 in the 
Egy ptian calendar [ 134 June 3/4], at dawn. Mercury’ [was observed] at greatest 
elongation, appearing very small and dim; from a sighting with respect to the 
bright star in the Hyades it was seen to occupy H I84 0 . 55 Now at that time the 
mean sun was in HI 10°. Here too, then, the greatest elongation from the mean 
as morning-star was 21 ]°, equal [to the elongation in [ 1 ]]. 

So, since the mean position of the planet was ~ 93° at one of the observations, 
and EE 10 ° at the other, and the point of the ecliptic halfway between these 
occupies 9g°, the diameter through the apogee must lie in that position at 
that time. 

[3] Again, in the first year of Antoninus, Epiphi [XI] 20/21 in the Egyptian 
calendar [138 June 4/5], in the evening, we observ ed Mercury' by means of the 
astrolabe at its greatest distance from the sun's mean longitude. From a sighting 

5i Sec HAMA 159-61, Pedersen 309-312. An acute critique of the method employed by Ptolemy 
for determining the apsidal line of the inner planets was made by Sawyer, ‘Ptolemy's 
Determination of the Apsidal Line for Venus’. He shows that mere equality of mean maximum 
morning and evening elongations is an insufficient criterion for positing symmetry to the apsidal 
line, although the observations Ptolemy actually chose are in fact {grosso modo) symmetric. For other 
criticisms see Wilson, ‘Inner Planets’, 225 IT. 

54 The star in question is a Tau, which has in the catalogue (XXIII 14) a longitude of 8 125°. In 
order to find the result he does, Ptolemy should have observed on the instrument a longitudinal 
difference of 715°, which is so large as to cast doubt on the validity of the observation. But, by using 
the same star as reference-point in both observations [I ] and [2], Ptolemy may have thought that he 
was minimizing any error resulting from faulty determination of the star’s ecliptic position. 

55 I.e. on this occasion the observed longitudinal difference was only 6n°. (sec n.54). 
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450 IX 7. Location of Mercury's absidal line in Ptolemy's time 

at that moment with respect to the star on the heart of Leo it was seen to occupy 
£2 70 56 g ut at t k e t j me in question the mean sun was in II 10i°. Therefore the 
greatest elongation [of Mercury] as evening-star comes out as 26K 

[4] Similarly, in the fourth year of Antoninus, Phamenoth [VII] 18/19 in the 
Egyptian calendar [141 Feb. 1/2], at dawn, [Mercury was observed], again, at 
greatest elongation: from a sighting with respect to the star called Antares it was 
seen to occupy 13$°, 57 while the mean sun was in 2? 10°. Here too, then, the 
greatest elongation from the mean as morning-star was 265 °, equal [to the 
elongation in [3]]. 

So, since the mean position of the planet was El 10i° at one of the 
observations and ~ 10 ° at the other, and the point of the ecliptic halfway 
between them occupies — IO 4 0 , the diameter through the apogee must lie in 
that position at that time. 

From these observations, then, we find that the apogee falls at about 10° of 
Aries or Libra, whereas from the ancient observations made near the greatest 
elongations we find it at about 6 ° of the same signs, as can be calculated from the 
following kind [of data]. 

[5] In the 23rd year in Dionysius’ calendar, Hydron 21 , 08 at dawn, 
Stilbon 39 was 3 moons to the north of the brightest star in the tail of Capricorn. 
At that time the star in question had a position, according to [the coordinate 
system defined by] our origin, namely that beginning with the solstitial or 
equinoctial points, of V> 22 i °. b0 Mercury, obviously, had the same longitude, 

H265 and 51 the mean sun was in ~ 181°: for that moment was in the 486th 
year from Nabonassar, Choiak[IV] 17/18 in the Egyptian calendar [-261 Feb. 

1 1/12], dawn. Therefore the greatest elongation from the mean [of Mercury] as 
morning-star was 25s°. 

Now we did not find a greatest elongation from the mean as evening-star 
which was precisely equal to that, at least in the observations which have 
reached us: but we calculated the [position with] equal [elongation] by means of 
two observations which were very close [to the required situation], in the 
following manner. 

[ 6 ] [Firstly], in the same 23rd year in Dionysius’ calendar, Tauron 4, 

56 The star (Regulus, a Leo) has in the catalogue (XXVI 8) the longitude 2i°. Thus the 
observed difference should have been 34]°. 

57 The star (a Sco) has in the catalogue (XXIX 8) the longitude nt 12?°. Thus the observed 
longitudinal difference should have been the large one of 60g°. 

Reading Ka' (with D‘G,Ar) at H264,18 for k 8' (29). The correction was made by Bockh, 
following Lepsius, in his discussion of the calendar of Dionysius ( Sonnenkreise 294-95), on which see 
Introduction pp. 13-14. 

59 Mercury. The names <Datvo>v, Qaebtov, riupoet^, Otoatpopot; and Ii'tXJJtov for Saturn, 
Jupiter, Mars, Venus and Mercury are found in Hellenistic texts (and occasionally later, as an 
archaism). An excellent discussion of the evidence for their use and the reason for their introduction 
(the nomenclature used by Ptolemy, ‘star of Kronos [Saturn]’, etc. is undoubtedly earlier) is given 
by Cumont, Les noms des planetes’. The occurrences in the Almagest (here and at H288.11, both 
connected with Dionysius, i.e. earlier third century B.C.) are the earliest dated examples of the 
nomenclature. 

^The star in question is identified by Ptolemy with no. XXXI24 in his catalogue (5 Cap). The 
longitude there is 10* 26j°, from which he subtracts 4° to account for precession in the intervening 
398 or so years. A ‘moon’, as measurement, is about half a degree. 

61 Reading 8e (with D,Ar) at H264.24 for 5r|A.ovoTi (‘and, obviously’). The position of the mean 
sun is not obvious, but has to be computed. 



IX 7. Earlier observations of greatest elongations of Mercury 451 

in the evening, [Mercury] was 3 moons behind [i.e. to the rear of] the straight 
line through the horns of Taurus, and it seemed as if it was going to be more 
than 3 moons to the south of that one common [to Auriga and Taurus] when it 
passed by it. 62 Thus its position according to our coordinates was d 235°. That 
moment was again in the 486th year from Nabonassar, [Mechir [VI]] 30/ 
Phamenoth [VII] l 63 in the Egyptian calendar [-261 Apr. 25/26], evening, at 
which time the longitude of the mean sun was 29i°. So the greatest 

elongation from the mean as evening-star was 24^°. 

[7] [Secondly], in the 28th year in Dionysius’ calendar, Didymon 7, in the 
evening, [Mercury] was practically on a straight line with [the stars in] 
the heads of Gemini, and lay to the south of the southern one by 5 of a moon less 
than twice the distance between [the stars in] the heads. 64 Thus at that time, 
according to our coordinates. Mercury was in U 29?°. This moment is in the 
491st year from Nabonassar, Pharmouthi [VIII] 5/6 in the Egyptian calendar 



62 The stars in question are. in the catalogue, XXIII 19 and 21 (£ and (3 Tau). The latter is also 
counted as Auriga [XII] no. 11. Subtracting 4° from the catalogue longitudes for precession, we get 
the coordinates at the observation as: southern horn, X 8 23 f°, 0 -2]°; northern horn, X 8 21J°, 0 
+5°. Ptolemy concludes that the longitude of Mercury was the same as that of the southern horn. 

63 There is no doubt that this is what is intended. The Greek mss. have, at H265,16, <DapEV(68 X' 
Etc xf|V a', which seems hardly possible. Petavius, followed by Ideler and Bockh, emended to 
Mex'ip X' e\<; ttjv a' d>afievd)0; Halma, followed by Manitius, to X 7 eiq tfjv a' <Dap£va)6. The 
Arabic translations suggest that one must read Oapeva>0 tic, mv a, i.e. simply excise. X'. For the 
expression cf. p. 456 n.84. 

64 These are, in the catalogue, XXIV 1 and 2 (a and 0 Gem), with coordinates (corrected for 
precession): northern head, X El 19i°, 0 4- 9l°; southern head, X El 221°, 0+64°. See Fig. O, which 
shows that Mercury's ‘distance to the south’ is measured along the line between the stars. 
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452 IX 7. Earlier observations of greatest elongations of Mercury 

[-256 May 28/29], evening, at which time the longitude of the mean sun was 
n 2|°. Thus this [greatest] elongation was 26 

Now, when the mean position was in 29i°, the greatest elongation was 
24i°, and when the mean position was in II 2^°, the [greatest] elongation was 
26r; and the [greatest elongation] as morning-star, to which we were seeking 
the corresponding [greatest elongation as evening-star], was 256°. So we 
derived the location of the mean position for a [greatest] evening elongation of 
25 1° from the difference between the above two observations: the difference 
between the mean positions at the two observations is 33 5 °, and the difference 
between the greatest elongations 2j°. Thus to 1?° (which is the amount by 
which 256° exceeds 24i°) correspond approximately 24°. 65 If we add this 
amount to HP 29^°, we shall get the mean position at which the greatest evening 
elongation is calculated to be equal to the greatest morning elongation of 25s°: 

H267 this point is 8 23 \°. And the point halfway between ~ 181° and 8 235° isat°p 

5 1 °. 

[8] Again, in the 24th year in Dionysius’ calendar. Leonton 28, in 
the evening, [Mercury] was a little more than 3° in advance of Spica, according 
to Hipparchus’ reckoning. ^ Thus at that moment its longitude according to 
our coordinates was ITR 19i°. That moment is in the 486th year from Nabonassar, 
Payni [X] 30 in the Egyptian calendar [-261 Aug. 23], evening, at which time 
the longitude of the mean sun was <Q 27g°. Therefore the greatest elongation 
from the mean as evening-star was 21 *°. We again calculated [the position of] 
the morning elongation precisely corresponding to that from two of the available 
[observations], 

[9] In the 75th year in the Chaldaean calendar, 67 Dios 14, at dawn, 
[Mercury] was half a cubit [ca. 1°] above [the star on] the southern scale [of 
Libra], Thus at that time it was in ^ 14*°, according to our coordinates. 68 This 
moment is in the 512th year from Nabonassar, Thoth [I] 9/10 in the Egyptian 
calendar [-236 Oct. 29/30], dawn, at which time the longitude of the mean sun 
was TTJ, 5i°. Therefore the greatest morning elongation was 21°. 

H268 [10] In the 67th year in the Chaldaean calendar. Apeiiaios 5, at dawn, 

[Mercury] was a half a cubit [ca. 1°] above the northern [star in the] 
forehead of Scorpius. Thus at that time it was in ttu 2i°, according to our 
coordinates. 69 This moment is in the 504th year from Nabonassar, Thoth [I] 
27/28 in the Egyptian calendar [-244 Nov. 18/19], dawn, at which time the 


" 5 This is a crudely rounded result. In fact 331 X It 2$ ** 23;49°, so a reasonable approximation 
would have been 23 fc. However, linear interpolation is itself a crude procedure here. 

66 This is proof that this observation (?by Dionysius) was one of those which Hipparchus 
‘arranged in a more useful way’ (see IX 2 p. 421, with n.l 1), and it is a plausible surmise that ail of 
these Mercury observations were derived by Ptolemy from that compilation. The longitude of 
Spica (catalogue XXVII 14) was. according to Ptolemy, TT& 225° in Dionysius' time; thus he takes 
Mercury as being 3i° in advance of Spica. 

67 The Seleucid era. See Introduction p. 13. 

68 The star is catalogue XXVIII 1 (a Lib, there said to be on the ‘southern claw’) to which Ptolemy 
assigns the longitude ^ 18° in his own time. Here, then, he has subtracted 3$° to account for the 
precession in 373 years (one would have expected 3l°). 

69 The star is catalogue XXIX 1. Its longitude there is 1^61°, so Ptolemy has subtracted 4° for the 
precession in 381 years, again more than one would have expected. 



IX 7. Location of Mercury's absidal line in earlier times 453 

longitude of the mean sun was 77* u 24|°. Therefore this [greatest morning] 
elongation was 22i°. 70 

In these two observations again, then, since the difference between the two 
mean positions is 19f°, and the difference between the greatest elongations is 
1 i°, it follows that to S° (which is the amount by which the 213 0 of the required 
elongation exceeds the 21° of the lesser [of these two]) corresponds about 9°. 71 If 
we add the latter to 51°, we get the mean position at which the greatest 
morning elongation becomes equal to the greatest evening elongation of 21 ^°: 
this point is TTV 146°. And the point halfway between H 27i® and 7TL 14|° is, 
again, about ^ 6°. 72 

From the above, and also because the phenomena associated with the other 
planets individually fit [the assumption], we find it consistent [with the facts to 
assume] that the diameters through the apogees and perigees of the five planets 
shift about the centre of the ecliptic towards the rear through the signs, and that 
this shift has the same speed as that of the sphere of the fixed stars. For the latter 
moves about 1° in 100 years, as we demonstrated [p. 328]; and here too the 
interval from the ancient observations, in which 3 the apogee of Mercury was in 
about the 6th degree [of the signs in question], 74 to the time of our 
observations, during which it has moved about 4° (since it [now] occupies the 
10th degree), is found to comprise approximately 400 years. 


8. {That the planet Mercury , too , comes closest to the earth twice in one revolution } 75 

In accordance with the above we investigated the size of the greatest 
elongations which occur when the mean longitude of the sun is exactly in the 
apogee, and again, when it is diametrically opposite that point. We cannot 
derive this from the ancient observations, but we can do so from our own 
observations made with the astrolabe. For it is in this situation that one can best 
appreciate the usefulness of this way of making observations, since, even if those 
stars with previously determined positions which are visible are not near the 
planet being observed (which is generally the case with Mercury, since, for the 
majority of the fixed stars, it is rare that they are visible when they are [only] as 


70 Observations [9] and [10] are proven to be Babylonian by several marks: use of the Seleucid era 
(called by Ptolemy according to the Chaldaeans’); the use of the ‘cubit’ as an astronomical 
measurement; and also the fact that both the stars used as markers belong to the small group used in 
Babylonian texts lor precisely this purpose and known as normal stars’ (see HAMA 545; Sachs [1] 

71 This linear interpolation, like the earlier one (see p. 452 n.65) is inaccurate. 8l° would be much 
more reasonable. 

72 On this occasion the half-way point is at precisely 6°. 

73 One would expect, at H269,12, Ka0’ &<;. referring to T7]pT}a££Dv, rather thamcad’ ov, referring 
to xpovov, since the latter means ‘interval’. But apparently, since xpovot; can also mean ‘epoch’, 
Ptolemy has somewhat illogically assimilated the relative pronoun to it (cf. t6v [sc. xpovov] in the 
next line, where it certainly means ‘epoch’). 

74 It has not yet been decided whether the apogee lies in Aries or Libra. 

75 See HAMA 161, Pedersen 314-15. ‘too’ refers to the moon (picking up Ptolemy’s remark IX 5 
p. 443). On the term 7tEpiYet6taTO<; as applied to Mercury see p. 461 n.94. 


H269 


H270 




454 


IX 8 . Apogee of Mercury lies in Libra 

far from the sun as Mercury is), 76 one can still determine positions of the planet 
in question accurately in latitude and longitude, by sighting stars which are at a 
considerable distance. 

[Firstly] then, in the nineteenth year of Hadrian, Athyr [III] 14/15 in the 
Egyptian calendar [134 Oct. 2/3], at dawn, Mercury, which was around its 
greatest elongation, was sighted with respect to the star on the heart of Leo, and 
was seen to have a longitude of UR 20 5 0 . 77 The mean sun was at about — 94°, so 
the greatest elongation was 19^°. 

[Secondly], in the same year, Pachon [IX] 19 [135 Apr. 5], in the evening, 
[Mercury], which was again around its greatest elongation, was sighted with 
respect to the bright star in the Hyades, and was seen to have a longitude of 8 
H271 43°. 78 The mean sun had a longitude of 11 t^°. Hence in this case one 

calculates the greatest elongation as 23i°, and it is immediately obvious that the 
apogee of the eccentre is in Libra and not in Aries. 

With these data, let [Fig. 9.5] 79 the diameter through the apogee be ABG. Let 
B be taken as the centre of the ecliptic, at which the observer is, A as the point at 
— 10°, and G as the point at °p 10°. Describe equal epicycles with points D and 



Fig. 9.5 

76 Since Mercury’s maximum elongation from the sun is never much more than 20°, it is only 
visible for a short time after sunset or before dawn, when the sky in its region is too illuminated for 
any but very bright stars to be visible. The ‘ancient observations’ (i.e. those by Babylonians or 
earlier Greeks) were made by giving the position with respect to nearby stars; but in some regions of 
the ecliptic there is a scarcity of bright stars. 

77 The star had a longitude of H 21° according to Ptolemy’s catalogue (XXVI8), so the observed 
interval was 47; 42°. 

78 The star had a longitude of 8 125°, according to the catalogue (XXIII 14), so the observed 
interval was only 8]°. 

79 Heiberg has made an error in the figure on p. 271; Z is on the wrong side of B* Corrected by 
Manitius. 
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IX 8. Centre of Mercury's eccentre moves on a circle 


Z ABD 


-fi 


E [on their circumferences] about A and G [respectively], and draw from B 
tangents to them, BD and BE. Drop perpendiculars AD and GE from the 
centres to the points of tangency. 

Now since the greatest elongation from the mean as morning-star in Libra 
was observed as 1950°, 

19;3° where 4 right angles = 360° 

38;6°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle ABD 
arc AD = 38;6° 

and its chord, AD ** 39;9 P where hypotenuse AB = 120**. 

Again, since the greatest elongation from the mean as evening-star 
in Aries was observed as 234°, 

23; 15° where 4 right angles = 360° 
46;30°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle GBE 
arc GE = 46;30° 

and its chord, GE = 47;22 P where hypotenuse BG = 120 p . 
Therefore where GE = 39;9 P and AB = 120 p 

(for AD = GE, radii of the epicycle), 

BG = 99;9 P 


Z GBE 


={: 


and, by addition [of AB to BG], ABG = 219;9 P . 

So if it is bisected at point Z, 

its half. AZ = 109;34 p l . ' 

and the distance between points B and Z = 10;25 p f m * e Same units * 

Now it is clear that either point Z is the centre of the eccentre on which the 
centre of the epicycle is always located, or else the centre of that [eccentre] 
moves about point Z. For those are the only conditions under which the centre 
of the epicycle could be equidistant from Z at both the above diametrically 
opposite situations, as demonstrated. But if Z were the actual centre of the 
eccentre on which the epicycle centre is always located, that eccentre would be 
stationary’, and the situation in Aries would be the closest to the earth of all 
situations [i.e. the perigee], since BG is the shortest of [all] lines drawn from B to 
the circle described on centre Z. 80 However, we find that the situation in Aries is 
not the closest to the earth of all, but the situations in Gemini and Aquarius are 
even closer to the earth than that, and approximately equal to each other. 
Hence it is clear that the centre of the eccentre in question rotates about point Z, 
in the opposite sense to the revolution of the epicycle (i.e. in advance with 
respect to the signs), it too making one rotation in one revolution [of the 
epicycle]. For if this is so the epicycle centre will be closest to the earth twice [in 
one revolution] on the eccentre. 

As for the fact that the epicycle is closer to the earth in Gemini and Aquarius 
than in the [above] situation in Aries, this is easily seen to be an immediate 
consequence of the observations already detailed. For in the observation of the 
16th year of Hadrian, Phamenoth 16 [p. 449 no. 1 ], the greatest elongation from 
the mean as evening-star was 211°, and in the observation of the 4th year of 
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Euclid III 7. 





456 IX 9. Location of Mercury's equant and centre of eccentre 

Antoninus, Phamenotn i9 Hi [p. 450 no. 4], the greatest elongation from the 
mean as morning-star was 262 °, while in both observations the mean sun was 
near ~ 10°. Again, in the observation of the 18th year of Hadrian, Epiphi 19 [p. 
449 no.2], the greatest elongation from the mean as morning-star was 2 li°, and 
H274 in the observation of the 1st year of Antoninus, Epiphi 20 [p. 449 no. 3], the 
greatest elongation from the mean as evening-star was 262 °, the mean sun in 
both these observations being near El 10°. Thus both in Aquarius and in 
Gemini the sum of the opposite greatest elongations comes to 474 °, while the 
sum of the two [greatest] elongations in Aries is [only] 46^°, since the evening 
elongation (which is equal to the morning elongation) was observed as 234 °. 


9. [On the ratio and the amount of the anomalies of Mercury} 82 

Having completed the above preliminary investigation, we have still to 
demonstrate the position of the point on line AB about which takes place the 
annual revolution of the epicycle in uniform motion towards the rear with 
respect to the signs, and the distance from Z of the centre of that eccentre which 
performs its revolution in advance in the same period [as the epicycle]. For this 
investigation we used two observations of greatest elongations, one as morning- 
star and one as evening-star, but in both of which the mean position was a 
quadrant from the apogee on the same side: that is the situation in which. 

H275 approximately, the greatest equation of ecliptic anomaly occurs. 

[1] In the fourteenth year of Hadrian, Mesore [XII] 18 in the Egyptian 
calendar [130 July 4], in the evening, as we found in the observations we got 
from Theon. 8 * he says that [Mercury] was at its greatest distance from the sun, 
3$° behind [i.e. to the rear of] the star on the heart of Leo. Thus, according to our 
coordinates, its longitude was about fl 6 ?°, while the longitude of the mean sun 
at that moment was about ZZ 10i2°. Thus the greatest evening elongation was 

26i°. 

[2] In the second year of Antoninus, Mesore [XII] [20]/21 84 in the Egyptian 
calendar [139 July 4/5], at dawn, we observed its greatest distance by means of 
the astrolabe: sighting it with respect to the bright star in the Hvades, we found 
its longitude as EE 20 t;°. The mean sun was, again, near ZZ 10J°. Thus the 
greatest morning elongation was 20 l°. 

With the above as data, let [Fig. 9.6] the diameter through =£= 10° and T 10° 
again be AZBG, and, as in the previous figure [9.5], let A be taken as the point 

81 Reading 10' (with D, Ar) for tr|' (18) at H273,19. Ptolemy gives a double date (18/19) in the 
passage in question. Since the observation was taken at dawn, the second date is preferable, and 
agrees with the practice just below (Epiphi 19, for the earlier 18/19 at dawn). 

92 HAMA 161-2, Pedersen, 318-19. 

83 Other observations by this man are used by Ptolemy in X 1 and X 2. There (p. 469) he says that 
they were ‘given to us by the mathematician Theon’, implying personal contact. He has often been 
identified with Theon of Smyrna. This is chronologically possible, but given the frequency of the 
name, especially in Roman Egypt, the identification is highly uncertain. 

84 Reading Meoopq etg tf|v »ca' (with D,Ar) for Meoopri ei<; tr|v k 5' (24th) at H275.13. The 
date is determined by the longitude of the mean sun (computed for Nabonassar 886 XII20/21,6 
a.m., as 100:19°). Neugebauer (HAMA 162 n.3) suggests reading Meoopri <k ') ev<; tqv tea', but for 
the above form cf. p. 451 n.63. 
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G 

Fig. 9.6 


at which the epicycle centre is found when its longitude is— 10°, G as the point 
at which it is found when its longitude is °P 10°, B as the centre of the ecliptic, 
and Z as the point about which the centre of the eccentre rotates in advance. 

Let the first problem be to find the distance from point B of the centre about 
which we say the uniform motion of the epicycle towards the rear takes place. 

Let that centre be H, and draw a straight line through H at right angles to 
AG, so that its [angular] distance from the apogee is a quadrant. On this line 
take 0, the centre of the epicycle at the above observations (for at those 
observations the mean longitude of the sun was a quadrant from the apogee, 
since it was near £5 10°). Draw the epicycle KL on centre 0, and draw the 
tangents to it from B, BK and BL. Join 0K, 0L and B0. 

Then, since at the mean position in question the greatest morning elongation 
from the mean is given as 20i°, and the greatest evening elongation as 26i°, 
Z KBL = [20i° + 26i° =] 46;30° where 4 right angles = 360°. 

Therefore its hail', Z KB0 = 46;30°° where 2 right angles = 360 00 . 85 

Therefore in the circle about right-angled triangle B0K 
arc 0K = 46;30° 

and its chord, 0K = 47;22 P where hypotenuse B0 = 120 p . 

Therefore where 0K, the radius of the epicycle, is 
and, as was shown, BZ = 10;25 p , 

B0 = 99;9 P . 

Again, the difference between the above greatest elongations, 6°, comprises 
twice the equation of the ecliptic anomaly; and the latter is represented by 
Z B0H, as we proved previously. 86 


85 Note that this is exactly equal toZ GBE in IX 8 (p. 455), which implies that the distance of the 
epicycle from the observer is the same at quadrature (here) and at 180° from apogee (there). 

86 IX 6 p. 448. But it is assumed rather than ‘proven’ there. 
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458 IX 9. Size of circle on which centre of Mercury 9 s eccentre moves 

3° where 4 right angles = 360° 

6°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle BH0 
arc BH = 6° 

and BH = 6;17 P where hypotenuse B© = 120 p . 
Therefore where B@ = 99;9 P , and likewise BZ = 10;25 p , 

BH = 5; 12 P . 

Therefore BH is approximately half BZ, 

and BH ®* HZ®* 5; 12 p , where the radius of the epicycle is 39;9*\ 
Again, in the same figure [Fig. 9.7], draw line ZMN through Z at right angles 
to AG, but on the opposite side to H0. Because lines H0 and ZN perform their 
returns to the same point in the same period, but in opposite senses, the centre of 


A 



that eccentre on which the epicycle centre 0 is located will, obviously, lie on 
ZMN at that moment. Let ZN be equal to ZA: thus ZN, like AZ, is the sum of 
the radius of the eccentre and the distance between the centres ([i.e.] between the 
centre of the eccentre and point Z). Take on ZN the centre of the eccentre, M, 
H279 and join Z0. 

Now L MZH is right, andZ 0ZH is practically a right angle (hence NZ0, too, 
is practically a straight line); 87 

and it has been demonstrated that where the epicycle radius is 39;9 P 
NZ = AZ = 109;34 p 
and Z0 = B0 = 99:9 P . 88 


87 This simplification is necessary in order to solve the problem at all: for one does not know a priori 
where on ZM the point M lies, only that it lies on a circle with center Z. 

88 See p. 455. 
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IX 9. Parameters of Mercury's model 

Therefore, by addition, NZ0 = 2O8;43 P 
and its half, NM, the radius of the eccentre, is about 104;22 p , 
and by subtraction [of NM from NZ], 

ZM, the distance between the centres, is 5; 12 p . 

But we showed that both BH and HZ were the same amount, 5;^. 

Thus we have computed that 

where the radius of the eccentre is 104;22 p 

each of the distances between the centres [BH, HZ, ZM] is 5,12?* 
and the radius of the epicycle is 39;9 P . 

Therefore where the radius of the eccentre is 60 p , 
each of the distances between the centres is 3;0 P 
and the radius of the epicycle is 22;30 p . 

Q.E.D. 

With the above [elements] given, the [computed] greatest elongations at the 
points closest to the earth are in agreement with those observed (i.e. when the 
mean position is at ~ 10°orO 10°, and [thus] its distance from the apogee is the H280 
side of the [inscribed] triangle [i.e. 120°], the angle subtended by the epicycle at 
the eye is about 474°), as we can deduce by the following. 


A 



Let [Fig. 9.8] the diameter through the apogee be ABGDE, on which point A 
is taken as the apogee, B as the point about which the centre of the eccentre 
performs its motion in advance, G as the point about which the epicycle centre- 
performs its [uniform] motion towards the rear, and D as the centre ol the 
ecliptic. Let each of the [above] motions have gone through the side of the 
[inscribed] triangle [i.e. "120°] (performed uniformly and with equal speed 



460 IX 9. Geometrical verification of accuracy of Mercury 3 s model 

about its own centre) from the apogee A on opposite sides of it. Let the straight 
H281 line rotating the epicycle be GZ, and that rotating the centre of the eccentre be 
BH, and let the centre of the eccentre be H and the centre of the epicycle, Z. 
With the latter as centre describe the epicycle, draw tangents to the epicycle, 
D0 and DK, join GH, DZ, Z0 and ZK, and drop perpendicular DL from D on 
to GZ. 

We have to show that 

Z 0DK = 474° where 4 right angles = 360°. 

Now both Z ABH and Z AGL subtend the side of the [inscribed] triangle 
and are equal to 120° where 2 right angles = 180°; 

soZ GBH = Z DGL = 60°; 
and Z BHG = Z BGH (BG = BH, by hypothesis). 

But Z BHG + Z BGH = 120° (supplement [to Z GBH = 60°]). 

Z BHG — L BGH = 60°. 

So triangle BGH is equiangular and equilateral. 

And Z DGL = Z BGH. 

So points H, G and Z lie on a straight line. 

Hence HZ, the radius of the eccentre = 60** 

where GH (which equals GD) =3 P , the distance between the centres. 
Therefore, by subtraction [of GH from HZ], GZ = 57 p in the same units. 
Again, since 

/ rjpi _ / 60° where 4 right angles = 360° 

H282 L U ° L 1 120°° where 2 right angles = 360°°, 

in the circle about right-angle triangle GDL 
arc DL= 120° 

and arc GL = 60° (supplement). 

Therefore the corresponding chords 

and GL= 103 60 p } where h > P otenuse GD = l20P ' 
Therefore where DG = 3 P and GZ = 57 p 
DL = 2;36 p 
and GL = l;30 p ; 

and, by subtraction [of GL from GZ], LZ = SStSCF. 

And since LZ 2 + DL' = DZ', 

DZ = 55;34 p89 

where the radius of the epicycle (i.e. Z0 and ZK) = 22;30 p , by hypothesis. 
Therefore where hypotenuse DZ = 1 2(f 

0Z = ZK = 48;35 p ; 

and Z ZD0 = Z ZDK = 47;46°° where 2 right angles = 360°°. 
Therefore, by addition [of Z ZD0 to Z ZDK], Z 0DK — 47;46° where 4 right 
angles = 360°. 

Q.E.D. 


8,4 This is. according to Ptolemy, the least distance of the center of Mercury's epicycle (cf. XI 10 p. 
546). It was shown by Hartner. ‘Mercury Horoscope* 109-17 (cf. Pedersen 321-4) that, with the 
parameters of Ptolemy's model, the least distance actually occurs at about 120^° from apogee, and is 
less than 55:34 about 55:33.38). These deferences are utterly negligible for practical purposes. 
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10. {On the correction of the periodic motions of Mercury} 90 H283 

The sequel to the above is the establishment of the periodic motions of Mercury 
and their epochs. 91 Now the [motion and epoch] in longitude, that is, of the 
epicycle in its uniform motion about point G, are given immediately from those 
of the sun. As for the [motion and epoch] in anomaly, that is, of the planet in its 
[uniform] motion on the epicycle about the epicycle centre, we have derived it 
from two reliable observations, one from among those recorded in our time, and 
the other from the ancient observations. 

[Firstly], we observed the planet Mercury in the second year of Antoninus 
(which was the 886th year from Nabonassar), Epiphi [XI] 2/3 in the Egyptian 
calendar [ 139 May 17/18], by means of the astrolabe instrument. It had not yet 
reached its greatest elongation as evening-star. When sighted with respect to 
the star on the heart of Leo it was observed at a longitude of El 17!°; and at that 
moment it was also li° to the rear of the moon’s centre. The time at Alexandria 
was 4 1 equinoctial hours before midnight of [Epiphi 2/]3, 92 since, according to 
the astrolabe, the 12th degree of Virgo [i.e. nfl 11°-12°] was culminating, while 
the sun was in about 8 23°. Now at that moment, the positions according to the 


hypotheses we have demonstrated were as follows: 93 H284 

mean longitude of the sun 8 22;34° 

mean longitude of the moon El 12:14° 

anomaly of the moon from the apogee of the epicycle 281;20° 

hence, by computation, true position of the moon’s centre £1 17; 10° 

apparent position of the moon's centre El 16;20°. 


Thus from this [computation] too we find that Mercury’s longitude was II 17!° 

(since it was lg° to the rear of the moon’s centre). 

With this as datum, let [Fig. 9.9] the diameter through the apogee and 
perigee 94 be ABGDE, on which point A is taken as the apogee, B as the point 
about which the centre of the eccentre performs its motion in advance, G the 
point about which the centre of the epicycle performs its [uniform] motion 
towards the rear, and D the centre of the ecliptic. Let the epicycle centre, Z, 
have been carried by the line GZ about point G through the angle AGZ, and let H285 

the centre of the eccentre. H, have been carried by line BH about point B 
through the angle ABH, which will, obviously, be equal to Z AGZ because of 
the equal speed of the motions. Draw the epicycle, 0KL, on centre Z, and let 
the planet be situated at L. Join GH. HZ, DZ, ZL and DL, extend GZ0 and 
drop perpendiculars HM and DN on to it from H and D, and drop 
perpendicular ZX from Z on to DL. 

90 See HAMA 165-8. 

91 Reading auTtov (with D,L) for aOtou (‘its epochs ) at H283,4. 

92 Literally ‘of the midnight towards the 3rd’. 

93 These positions are computed for 7;7 p.m. Alexandria, i.e. Ptolemy has applied the equation of , 
time (I find -25 mins, with respect to era Nabonassar). For this moment the computations are 
accurate (I find a longitudinal parallax of-53' where Ptolemy applies -50'). 

94 ‘perigee’ (to TtEpiyeiov) here and at H285.12 and 14 is taken, somewhat loosely, as the point 
180° from the apogee, and not the point where Mercury’s center is closest to the earth. For the latter 
Ptolemy always uses the superlative form to TteptyeiOTaTOV (H273.11, at.) 
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Fig. 9.9 


Let us consider the problem, to find the arc of the epicycle between 0, the 
apogee [of the epicycle], and the planet at L. 

Now at that moment the longitude of the mean sun was y 22;34°, and the 
perigee of the planet was at about °P 10°. 95 
Thus its distance from the perigee in mean longitude was 42;34°. 

. . poi_r = f 42;34° where 4 right angles = 360° 
[85;8°° where 2 right angles = 360°°. 

And since BG always equals BH 

Z BHG = Z BGH = i37;26°° in the same units. 

So, in the circle about triangle BGH 96 
arc HG = 85;8° 
and arc BG = 137;26°. 

Therefore the corresponding chords 

r where the diameter of the circle is 120 p . 
b and BG =111 ;49 p J 

Therefore where BG = 3 P , GH = 2;ll p . 

A8a,n ' 1“ 'S3 : 'SID 2 righ. angle. = 360", 


and Z BGM = 85;8 oc J s & ’ 

by subtraction, Z HGM = 52;18°° in the same units. 

Therefore in the circle about right-angled triangle GHM 

95 Cf IX 7 p. 450 and IX 8 p. 454. 

^This is one of the rare cases where Ptolemy applies the equivalent of the sine theorem in a 
triangle which is not right-angled. See Introduction p. 7 n.10. 
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arc HM = 52;18° 

and arc GM = 127;42° (supplement). 

Therefore the corresponding chords 

HM= 52;53 p \ . . 1QAP 

and GM = 107;43 p J where hypotenuse GH = 120*. 

Therefore where GH = 2; 1 l p , 

and HZ, the radius of the eccentre carrying the epicycle, is 60 p , 

HM = 0;58 P 
and GM=1;58 P . 

Hence MZ, being a negligible amount less than HZ, the hypotenuse [of triangle 
HMZ], is the same, 60 p , 

and, by subtraction [of GM from MZ], GZ = 58;2 P . 

Similarly, since Z DGN = 85;8 00 where 2 right angles — 360°°, 
in the circle about right-angled triangle GDN 
arc DN = 85;8° 

and arc GN = 94:52° (supplement). 

Therefore the corresponding chords 

and GN = 88*^3 P } vv * lere h yP otenuse GD = ^O*’. 
Therefore where GD = 3 P and, as was demonstrated, GZ = 38;2 P , 
DN = 2;2 P 
and GN = 2; 13 P ; 

and, by subtraction [of GN from GZ], NZ — 55^49J\ 

Hence hypotenuse DZ [= \J DN 2 4* NZ 2 ] ~ 55;51 p 
where the radius of the epicycle = 22;30 p . 

Therefore in the circle about right-angled triangle DZN, 
where hypotenuse DZ = 120 p , 

DN = 4;22 p 
and arc DN = 4; 11°. 

Z DZN = 4:11°° where 2 right angles = 360°°, 
and, by addition [of Z DZN and Z DGN], Z EDZ = 89; 19°°. 

And the whole angle EDL = 135°° in the same units, since the planet was 

observed at 67;30° from the perigee. ' 
Therefore by subtraction [of Z EDZ from Z EDL], Z ZDL = 45;41°°. 
Therefore in the circle about right-angled triangle DZX, 
arc ZX = 45:41° 

and ZX = 46;35 P where hypotenuse DZ = 120 p . 
Therefore where hypotenuse DZ = 55;51 p and the radius of the epicycle, 

ZL = 22;30 p , 

ZX = 21;41 P . 

And, in the circle about right-angled triangle ZLX, 
where hypotenuse ZL = 120 p , 

ZX = 115;39 p . 
arc ZX=149;2° 97 

97 The arc corresponding to 115;39 p is in fact I49;3°. But if one takes the chord as 115,38,40 
(which is an accurate transformation of 46;35 X 55;51/120), one finds as arc 149:1,56°. As olten, 
Ptolemy computes with more'accuracv than he displays. 
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Z ©ZL = 


and Z ZLX = I49;2°° where 2 right angles = 360°°. 

But we showed that Z ZDL = 45;41°° in the same units. 

[*. Z LZK = Z ZLX + Z ZDL = 194;43°°.] 

And Z 0ZK [= Z DZN] = 4;11°° likewise. 

Therefore, by addition [of Z 0ZK -r Z LZK], 

_ f 198;54°° where 2 right angles = 360°° 

\ 99;27° where 4 right angles = 360°. 
Therefore arc 0KL of the epicycle, which was the distance of the planet 
Mercury from the apogee 0 at the observation, is 99;27°. 

Q.E.D. 

Secondly, in the 21st year of Dionysius’ calendar (which was in the 
484th year from Nabonassar), Scorpion 22, [which is] Thoth [I] 18/19 in the 
Egyptian calendar [-264 Nov. 14/15], at dawn, Stilbon [i.e. Mercury] was 1 
moon to the rear of the straight line through the northern [star in the] forehead 
of Scorpius and the middle [star in the forehead], and was 2 moons to the north 
of the northern [star in the] forehead. Now' according to our coordinates at that 
time the midmost of the stars in the forehead of Scorpius had a iongitude of iff 
11°, and is the same amount [ 1 f°] south of the ecliptic, while the northernmost 
star had a longitude of TT^ 2j° and is 1 j° north of the ecliptic. 98 So the planet 
Mercury had a longitude of about rr^ 3 j°." Furthermore it is clear that it had 
not yet reached its greatest elongation as morning-star, since 4 days later, on 
Scorpion 26, it is recorded that its distance from the same straight line towards 
the rear was 1: moons: for [by that time] the elongation had become greater, the 
sun having moved about 4 degrees, but the planet [only] half a moon. And on 
Thoth 19 at dawn the longitude of the mean sun, according to our tables, was Tit 
20iS°. while the longitude of the apogee of the planet was about ^ 6°, since the 
400 or so years between the observations produce a displacement of the apogee 
of about 4°. 

With the above as data, then, let us draw a figure [Fig. 9.10] similar to the one 
preceding [Fig. 9.9], but in which, because of the difference in the positions, the 
angles towards the apogee A [i.e. Z AGZ, Z ABH] are to be drawn as acute, the 
straight lines joining [points] to the planet [i.e. ZL, DL], as in advance of the 
epicycle [centre], and perpendicular ZX as beyond ZL, the radius of the 
epicycle. 100 

Then, since the mean position of the planet was [n\, 20g° - — 6° =] 44;50° 
from the apogee. 

r>TT_f 44:50° where 4 right angles = 360° 

L 89:40°° where 2 right angles = 360°°. 
Therefore its supplement,Z GBH = 270;20°° 

and Z BGH = Z BHG= 44:50°° in the same units. 


98 See catalogue nos. XXIX 2 and 1. Ptolemy has subtracted 4° from the longitudes there to 
account for precession. 

99 It is difficult to see how Ptolemy arrives at this position from his data: see the discussion HAMA 
166. with Fig. 151. This was an observation of a station. Cf. Ptolemy’s remark about ancient 
observations IX 2 pp. 420-1. 

100 There is the additional difference (as noted by Manitius) that the significations of points 0 and 
K has been interchanged: in Fig. 9.9 0 was the mean apogee and K the true, while in Fig. 9.10 K. is 
the mean perigee and 0 the true. 
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And, by the same reasoning [as before] 

in the circle about triangle BGH the corresponding chords 

and BC = BH = 45-46'’} where the diameter is l2(f - 
Therefore where BG = BH = 3 P , 

GH=5;33 P . 

Again, by hypothesis, 

Z AGZ = 89;40 00 where 2 right angles = 360°° 
and Z BGH = 44;50°° in the same units, 
so, by addition, Z ZGH= 134;30°°, 
and, in the circle about right-angled triangle GHM 
arc HM= 134;30° 
and arc GM = 45;30° (supplement). 

Therefore the corresponding chords 

MH = 110;40 p 1 , , lonP 

and GM = 46;24” j where hy P° tenUse GH = 12 ° P ' 
Therefore where GH = 5;33 p (i.e. where ZH, the radius of the eccentre, is 60”), 
HM = b\T 
and GM = 2; 10”. 101 
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101 2;9 P would be more accurate by any method of computation 
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Hence we compute ZM [= yj ZH 2 - HM 2 ] as 59;47 p , 
and, by addition [of MG to ZM], ZMG as 61;57 p in the same units. 
Similarly, since Z DGN [= Z AGZ] = 89;40°° where 2 right angles = 360°°, 
in the circle about right-angled triangle GDN, 
arc DN = 89; 40° 

and arc GN = 90;20° (supplement). 

So the corresponding chords 

DN = 84-36 P ] 

and GN = 85^ J where h >'P otenuse GD = l20f> - 
Therefore where GD = 3 P , 

DN = 2;7 P 
and GN = 2;8 P , 

and, by addition [of ZG to GN], ZGN = 64;5 P . 

Hence hypotenuse ZD [= f ZN~ 4- DN 2 ] — 64;7 P in the same units. 
Therefore, in the circle about right-angled triangle ZDX, 
where ZD = I20 p f 
DN = 3;58 p 

and arc DN = 3;48°. ,0L> 

Z DZN = 3;48°° where 2 right angles = 360°°, 
and, by subtraction [of Z DZN from Z AGZ], 

Z ADZ = 85;52°° in the same units. 

But Z ADL is given as 54;40°° in the same units 
(for the planet was [in, 3 \ - — 6° =] 27;20° from the apogee at the observation). 
H292 Hence, by subtraction. Z ZDL = 31;12 u ° where 2 right angles = 360 uu . 
Therefore in the circle about right-angled triangle ZDX. 
arc ZX = 31;12° 

and ZX = 32:16 p where hypotenuse DZ = 120 p . 
Therefore where DZ = 64;7 P (i.e. where ZL, the radius of the epicycle, is 22;30 p ), 
XZ = 17;15 p . 

And, in the circle about right-angled triangle ZLX, 
where hypotenuse ZL= 120 p , 

ZX««92 P . 
arc ZX= 100;8°, m 

and Z ZLX= 100;8°° where 2 right angles = 360°°. 

And we showed that, in the same units, Z ZDL = 31;12°°, 

[hence Z 0ZL = Z ZLX - Z ZDL = 68;56 0O |, 
and thatZ 0ZK = 3;48°°. 

Therefore, by subtraction [of Z 0ZK from Z 0ZL], 

/ K7T _ f65;8°° where 2 right angles =360°° 

[32;34° where 4 right angles = 360°. 

At this observation, then, tne planet was 32;34° from the epicycle perigee K, 
and, obviously, 212;34° from the apogee. But we showed that at the moment oi 


102 3;47° would be more accurate by any method ot computation. 

,tt * The nearest one can get to this by any method of computation is I00;7°. More accurate 
calculation would give 100;4°. 
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our observation it was 99;27° from the apogee of the epicycle. Now the interval 
between the two observations is approximately 
402 Egyptian years 283 days 13 { hours. 

This interval contains 1268 complete returns of the planet in anomaly (for 20 
Egyptian years produce very nearly 63 returns, so 400 years produce 1260, and 
the remaining 2 years plus the additional days another 8 complete returns). 
Thus we have shown that in 402 Egyptian years 283 days 13i hours the planet 
Mercury moved in anomaly, beyond 1268 complete revolutions, 246,53°, 
which is the amount by which the position at our observation is beyond the 
previous one. And just about the same increment [in anomaly] results from the 
tables we set out before: for it was on the basis of these very same calculations 
that we made our correction to the periodic motions of Mercury, by reducing 
the above interval to days, and the above revolutions in anomaly plus the 
increment to degrees. For when the total of degrees is divided by the total of 
days, there results the mean daily motion in anomaly which we set out for 
Mercury in our previous discussion [IX 3]. 104 


II. {On the epoch of its [Mercury's] periodic motions} 

Then in order to establish the epochs of the five planets, as we did for the sun 
and moon, for the first year of Nabonassar, Thoth 1 in the Egyptian calendar, 
noon, we took the interval between that moment and the more ancient of the 
observations, which is closer to it: this is very nearly 
483 Egyptian years 17 days 18 hours. 105 
The increment in mean anomaly corresponding to that interval is I90;39°. If we 
subtract the latter from the 212;34° (counted from the apogee) derived from the 
observation, we get the following epoch positions for Nabonassar 1, Thoth 1 in 
the Egyptian calendar, noon: 

anomaly counted from the apogee of the epicycle 21;55° 

[mean] longitude the same as the sun’s, i.e. X 0:45° 

apogee of the eccentre in about — 16° 

(for Tooth [of a degree for each] of the above years comes to about 4g°, which, 
subtracted from the [longitude] ^ 6 ° at the observation, gives [^] li°). 


104 For the actual derivation of the mean motion in anomaly see Appendix C. In the derivation of 
the two positions in anomaly on w hich the mean motion is allegedly based Ptolemy has committed a 
number of small computational and rounding errors. These result in a compounded error which is 
not negligible, as accurate computation from his initial values reveals: 


Obs. I 
Obs. II 
Increment 


Ptolemv Computed 

2I2;34° 212;29,18° 

99;27° 99;33,31° 

246;53° 247; 4,13°. 


The difference of +11', distributed over about 400 years, leads to +0,0,0,0,16 °/i in the mean 
motion. 

105 Reading fq (with Ar) for frf y‘ (18j) at H294,5. lf^ is shown to be correct both by the 
increment in mean motion below (18V would give 190;42° instead) and by the interval between the 
two observations given above. Corrected by Manitius. 


H293 


H294 




Book X 


1. {Demonstration of [the position oj] the apogee of the planet Venus] 1 

Such, then, was the method by which we found the hypotheses for the planet 
Mercury, the sizes of its anomalies, and also the precise amounts of its periodic 
motions, and their epochs. For the planet Venus, again, we first investigated the 
position in the ecliptic of the apogee and perigee of the eccentre by [finding] 
greatest elongations which are equal and in the same direction. 2 The available 
ancient observations did not supply us with exact pairs of positions [suitable] for 
this purpose, but we used contemporary observations for our approach, as 
follows. 

[1] Among the observations given to us by the mathematician Theon, we 
found one recorded in the sixteenth year of Hadrian, on Pharmouthi [VIII] 21/22 
in the Egyptian calendar [132 Mar. 8/9], at which, he says, the planet Venus 
was at its greatest elongation as evening-star from the sun, and was the length of 
the Pleiades in advance of the middle of the Pleiades; and it seemed to be 
passing it a little to the south. Now, according to our coordinates, the longitude 
of the middle of the Pleiades at that time was 8 3°, and its length is about U°: 3 
so clearly Venus’ longitude at that moment was 8 1 i°- So, since the longitude 
of the mean sun at that moment was X 14i°, the greatest distance from the 
mean as evening-star was 47i°. 

[2] In the fourth 4 year of Antoninus. Thoth [I] 11/12 in the Egyptian 
calendar [140 July 29/30], we observed Venus at its greatest elongation from 
the sun as morning-star. It was [the breadth ol] half a full moon to the north-east 
of [the star in] the middle knee of Gemini. At that moment the longitude of the 
fixed star, according to us, was II 18iVso Venus was in about II 18^°. And the 


‘On chapters 1-3 see HAMA 152-6. Pedersen 298-306 and (lor a criticism of Ptolemy’s 
procedure) Sawyer, 'Ptolemy's determination of the apsidal line for Venus’ (cf. p. 449 n.53). 

2 See p. 446 n.43. Many of the dates of greatest elongations ofVenus given here by Ptolemy are in 
error, some by as much as three weeks (see HAMA 153 n.1). We cannot doubt that he was aware of 
this, but he was forced by the lack of suitable observations during the limited period available to 
take those positions of Venus close to greatest elongation which gave the required positions of the 
mean sun with respect to Venus’ apsidal line. The point is discussed in detail by Swerdlow and 
Neugebauer, Ch.5. 

‘ In the catalogue (XXIII30-32) the group of the Pleiades has longitudes between 8 2i° and 8 
3!°. The length of this is indeed 1 j°, but its midpoint is 8 2;55°, which Ptolemy has rounded to 3° (a 
correction for precession would make it even less than 2;55°). 

* Reading^' (with D,Ar) for t5' (14th) at H297,5. The date is confirmed by the computations 
below. Corrected by Manitius. 

5 Catalogue XXIV 11, where the description is somewhat different. Of the three knees mentioned 
(nos. 10, 11 and 13) this is the middle one. 
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470 X1. Determination of Venus 3 absidal line from greatest elongations 

mean sun was in <Q 5i°. So the greatest distance as morning-star was the same 
amount as before, 47i°. 

Therefore, since the mean position was X 14i° at the first observation, and 
54° at the second, and the point on the ecliptic halfway between these falls in 
[either] B 25° [or] TIT, 25°, the diameter through apogee and perigee must go 
through the latter [points]. 

[3] Similarly, in the [observations we got] from Theon, we found that in the 
twelfth year of Hadrian, Athvr [III] 21/22 in the Egyptian calendar [127 Oct. 
11/12], Venus as morning-star had its greatest elongation from the sun when it 

H298 was to the rear of the star on the tip of the southern wing of Virgo by the length 
of the Pleiades, or less than that amount by its own diameter; and it seemed to 
be passing the star one moon to the north. Now the longitude of the fixed star at 
that time, according to us, was<fl 28 u°: hence the longitude of Venus was about 
TTfl 0j°. b And the mean sun was in 17 55 0 . So the greatest elongation from the 

mean as morning-star was 4735°. 

[4] In the twenty-first year of Hadrian, Mechir [VI] 9/10 in the Egyptian 
calendar [136 Dec. 25/26], in the evening, we observed Venus at its greatest 
elongation from the sun. It was in advance of the northernmost star of the four 
which almost form a quadrilateral (behind the star to the rear of and on a 
straight line with the [two] in the groin of Aquarius):' [its distance from the star 
was] about two-thirds of a full moon, and it seemed about to obscure the star 
with its light. 8 Now the longitude of the fixed star at that time, according to us, 
was 22 20°; hence Venus was in about 2Z 19?°, 9 and the mean sun’s longitude 
was 10® 213°. 

Here too, then, the greatest elongation as evening-star was the same [as in [3] 
as morning-star], 47 \q°. And the points on the ecliptic halfway between the — 
H299 17 ?(i° of the first observation and the V? 21*5° of the second are again about 25° 

and B 25°. 


2. [On the size of [Venus'] epicycle } 

By these means, then, we determined that in our time the apogee and perigee of 
[Venus'] eccentre lie in B 25° and TT]* 25°. Accordingly, we again looked for 
greatest elongations from the mean which occur w hen the sun is near B 25° and 
% 25° 

0 Literally a third of the first degree of Virgo’. The longitude in the catalogue (XXVII 5) isfl 
29°. Ptolemy subtracts 5' for 11 years' precession, adds 11° for the length of the Pleiades, and then 
subtracts 5' for the diameter of Venus. (In the Planetary Hypotheses , ed. Goldstein p. 8 § 5, he 
estimates the apparent diameter of Venus as ibth of the sun's, i.e. 3'). 

' The stars in question are (according to Manitius' identification): the quadrilateral, catalogue 
nos. XXXII 26-9; the two in the groin, nos. 15 and 16. The differences in the description here from 
the catalogue are so great that we must assume that this was originally written before the catalogue 
existed (as the date of the observation suggests). 

8 Reading Kata Xapye tv (with GD) for KaxaXdpTtEtv (‘seemed to be obscuring’) at H298,14-15. 
The word is a technical term for one bright body (the sun, as at VIII6, H201,1, cf. KaTaA.ctpv|/eu; at 
XIII 7, H591.11. or the moon, as here) coming so close to another that it ‘outshines* it and makes it 
no longer visible. 

9 ‘two-thirds of a moon' is only 20', whereas Ptolemy subtracts 24'. Is the difference to account 
tor the diameter of Venus? 
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[1] In the [observations] given to us by Theon we find that in the thirteenth 
year of Hadrian, Epiphi [XI] 2/3 in the Egyptian calendar [129 May 19/20], 
Venus was at its greatest elongation from the sun as moming-star, and was 1 5 0 
in advance of the straight line through the foremost of the 3 stars in the head of 
Aries and the star on the hind leg, while its distance from the foremost star of 
those in the head was approximately double its distance from the star on the leg. 
Now at that time, according to us, the foremost star of the 3 in the head of Aries 
had a longitude of [T 0 ] 65 ° and is 7j° north of the ecliptic, while the star in the 
hind leg of Aries had a longitude of M4 0 , and is 5i° south of the ecliptic. 10 
Therefore the longitude of Venus was °P I0^° and it was 1 5 0 south of the 
ecliptic. Hence, since the longitude of the mean sun at that time was 8 25?°, the 
greatest elongation from the mean was 44 jf°. 

[2] In the twenty-first year of Hadrian, Tvbi [V] 2/3 in the Egyptian 
calendar [136 Nov. 18/19], in the evening, we observed Venus at its greatest 
distance from the sun: when sighted with respect to the stars in the horns of 
Capricorn it was seen to occupy IQ 3 12*°, while the longitude of the mean sun 
was rg, 25;°. Hence in this position the greatest elongation from the mean comes 
out as 47 j°. 

Hence it is clear that the apogee lies in B 25°, and the perigee in nt 25°. 
Furthermore, it has also become plain to us that the eccentre of Venus carrying 
the epicycle is fixed, since nowhere on the ecliptic do we find the sum of the 
greatest elongations from the mean on both sides to be less than the sum of both 
in Taurus, or greater than the sum of both in Scorpius. 

With the alxnc as data, let [Fig. 10.1] the eccentric circle, on which Venus’ 
epicycle is always carried, l>e ABG on diameter AG, on which D is taken as the 
centre of the eccentre, E as the centre of the ecliptic, and A as the point at B 25°. 
About points A and G let there be drawn equal epicycles, on which lie points Z 
and H [respectively]. Draw the tangents EZ and EH, and join AZ, GH. 

Then, since Z AEZ, which is at the centre of the ecliptic, subtends the greatest 
elongation of the planet at the apogee, which is, by hypothesis, 44^°, 

_ J 44:48° where 4 l ight angles = 360° 
\89;36°° where 2 right angles = 360°°. 

Therefore in the circle about right-angled triangle AEZ 
arc AZ = 89:36° 

and its chord AZ~ 84*,33 p where hypotenuse AE = 120 p . 

Similarly, since Z GEH subtends the greatest elongation at the perigee, 
which is, by hypothesis, 47. 1 °, 

_ f 47;20° where 4 right angles = 360° 

~ \ 94;40°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle GEH 
arc GH = 94;40° 

and its chord GH^ 88:13 p where hypotenuse EG = 120 p . 


Z AEZ 


Z GEH 


H300 


H301 


H302 


10 The stars in question are catalogue XXII 1 and 13 (note the difFerent descriptions there), with 
longitudes ol 6?° and 15°. The diil'erence in the longitudes given here is -4' and -15' respectively. 
One would expect about -5' For the precession in 8 years. Hence Manitiusemended I4i to 14||; but"* 
it is implausible to change, as he does. / ' 5' to 3' (f + 1); For 41’ is written/ ' Y T0 ' (i + 1 + A), e.g. 
H303,7. The stars in the alignment are too Far apart to allow us to use it to check the text, so in the 
absence oF any ms. variation I merely note the possibility oF some corruption. 
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X 2. Size of Venus 3 epicycle 



Therefore where GH (= AZ), the radius of the epicycle, is 84;33 p , and 
AE = 120 p , 

EG = 115; l p , 

and obviously, by addition, AG = 235; l p 
and its half, AD® 3 IIT^O 1 *, 

and, by subtraction, the distance between the centres, DE = 2;29 p . 

Therefore where the radius of the eccentre, AD = 60 p , 
the distance between the centres, DE *=* li p , 
and the radius of the epicycle, AZ = 43<l p . 


3. {On the ratios of the eccentricities of the planet [Venus]] 

But since it is not clear whether the uniform motion of the epicycle takes place 
H303 about point D, here too we took two greatest elongations, in opposite directions 
[i.e. one as evening-star and the other as morning-star], in each of which 11 the 
mean motion of the sun was a quadrant from the apogee. 

[1] We observed the first in the eighteenth year of Hadrian, Pharmouthi 
[VIII] 2/3 in the Egyptian calendar [134 Feb. 17/18], In this Venus was at 


“Reading £<p’ feicaTEpcu; (with CDG,Is) at H303,2 for £<p’ tKdxepa (‘in both directions”). 
Corrected by Manitius. 
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X 3. Determination of Venus' equant from observations 

greatest elongation from the sun as morning-star, and when it was sighted with 
respect to the star called An tares [catalogue XXIX 8], its longitude was 1 Cp 
1 1 at which time the longitude of the mean sun was ~ 25j°. So the greatest 
elongation from the mean as morning-star was 43n°. 

[2] We observed the second in the third year of Antoninus, Pharmouthi[VIIl] 
4/5 in the Egyptian calendar [140 Feb. 18/19], in the evening. In this Venus 
was at its greatest elongation from the sun, and when it was sighted with respect 
to the bright star in the Hyades [catalogue XXIII14], its longitude was 136°, 
while the longitude of the mean sun was again ~ 255°. Hence, in this case the 
greatest elongation from the mean as evening-star was 48i°. 

With the above as data, let [Fig. 10.2] the diameter through the apogee and 
perigee of the eccentre be ABG; let A represent the point at 8 25°, and let B 
represent the centre of the ecliptic. Let our task be to find the centre about 
which we say that the uniform motion of the epicycle takes place. Let that 


R 



G 

Fig. 10.2 


centre be point D, and draw DE through D perpendicular to AG, in order for H304 
the mean position of the epicycle to be a quadrant from the apogee, as in the 
observations. On DE take E to represent the centre of the epicycle at the 
observations in question, draw the epicycle ZH on it as centre, draw the 
tangents to it from B, BZ and BH, and join BE, EZ and EH. 

Then since, at the mean position in question, the greatest elongation from the 
mean as morning-star is, by hypothesis, 43n°, and the greatest as evening-star 
48j°, 

by addition, Z ZBH = 91;55° where 4 right angles = 360°. 

Therefore its half, Z ZBE = 91;55°° where 2 right angles = 360°°. 

Therefore in the circle about right-angled triangle BEZ 
arc EZ = 91;55° 

and EZ = 86; 16 P where hypotenuse BE = 120 p . 


H305 
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H306 


Therefore where the radius of the epicycle, EZ = 43; lO* 

BE = 60;3 P . 

Again, since the difference between the above greatest elongations (which is 
4;45°) comprises twice the equation of the ecliptic anomaly at that point, which 
is represented by Z BED, 

/ BFD - / 2;22,30° where 4 right angles = 360° 

\ 4;45°° where 2 right angles = 360°°. 
Therefore in the circle about right-angled triangle BDE 
arc BD = 4;45° 

and BD S »4;59 P where hypotenuse BE = 120 p . 
Therefore where BE = 60;3 P and the radius of the epicvcle is 43; 10 p , 
BD~2| P . 

But we showed [p. 472] that the distance between B, the centre of the ecliptic, 
and the centre of the eccentre on which the epicycle centre is always carried, is 
li p in the same units; thus it is half of BD. 

Therelore, if we bisect BD at 0, we have demonstrated 12 that 

where 0A, the radius of the eccentre carrying the epicycle, is 60 p , 
each of the distances between the centres, B0 and 0D = li p , 
and EZ, the radius of the epicycle, is 43; 10^ 

Q.e.d. 


4. {On (he correction oj the periodic motions of the planet [ Venus ]} 1:1 

Such, then, is the method by which we determined the type of [Venus’] 
hypothesis and the ratios of its anomalies. For the periodic motions and 
epochs of the planet, once again [as lor Mercury], we took two reliable 
observations, [one] from among ours, and [one] of the ancient ones. 

[1] In the second year of Antoninus, Tybi [V] 29/30 in the Egyptian 
calendar [138 Dec. 15/16], we observed the planet Venus, after its greatest 
elongation as morning-star, using the astrolabe and sighting it with respect to 
Spica: its apparent longitude was Til 63 °. At that moment it was also between 
and on a straight line with the northernmost of the stars in the forehead of 
Scorpius and the apparent centre of the moon, and was in advance of the 
moon s centre 1 i times the amount it was to the rear of the northernmost of the 
stars in the forehead. Now the [latter] fixed star had at that time, according to 
our coordinates, a longitude ofTT], 6;20°, and is 1;20° north of the ecliptic . 14 The 
H307 time was 4i equinoctial hours after midnight, since the sun was in about t 23, 


12 This is the only ‘demonstration’ of the ‘bisection of the eccentricity’ in ihe Almagest, although it 
is also assumed for the outer planets. However, this does not prove (contra HAMA 155) that 
observations of Venus were the historical origin of Ptolemy’s introduction of the equant. It seems far 
more likely that it arose from the considerations Ptolemy himself outlines at X 6 (see p. 480, with 
n.24), lor which Mars must have provided the most opportune observations. 

14 On chs. 4 and 5 see HAMA 156-8. 

14 See catalogue XXIX 1. 
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and the second degree of Virgo [i.e. tig l°-2°] was culminating according to the 
astrolabe. At that moment the positions were as follows: 15 

mean longitude of the sun f 22;9° 

mean longitude of the moon 11 ;24° 

anomaly of the moon, counted from apogee 87;30° 

[argument of] latitude of the moon, from the northern limit 12;22° 

hence, true position of the moon’s centre Ttj, 5;45° 

[moon’s latitude] 5° north of the ecliptic 

apparent position [of the moon] at Alexandria in longitude vsi 6;45° 


[apparent position of the moon in latitude] 4;40° north of the ecliptic. 

From these considerations too, then, Venus’ longitude was TH, 6;30°, and it 
was 2;40° north of the ecliptic. 

With the above as data, let [Fig. 10.3] the diameter through the apogee be 
ABGDE. Let A represent the point at 8 25°, B the point about which the 
epicycle moves uniformly, G the centre of the eccentre carrying the epicycle ' 
centre, and D the centre of the ecliptic. Since the mean sun had a longitude of 
22;9° at the observation, the mean position of the epicycle is [ f 22;9°-n\, 25° =] 

27;9° towards the rear from the perigee at E. So let the epicycle centre be 
located at Z, and draw the epicycle H0K on Z as centre. Join DZH, GZ and H308 
BZ0, and drop perpendicular's GL and DM from G and D on to BZ. Let the 


fl 



15 The following data are calculated, accurately, not for 4;45 a.m., but for 4;30 a.m. Since the 
equation of time for a solar longitude of $ 23° is about - 17 mins., Ptolemy’s (silent) correction is 
justified. For 4;45 a.m. local pme 1 find the culminating point as a little past n? 1°, in agreement 
with the text. 


H309 


H310 


Z EB2 


476 X 4. Geometrical determination of anomaly from observation 

planet be located at point K, join DK and ZK, and drop perpendicular ZN [on 
to DK]. Let the problem be, to find the arc 0K, which is the distance of the 
planet from the epicycle apogee © [at the observation]. 

Now since 

_ f 27:9° where 4 right angles = 360° 
\54;I8°° where 2 right angles = 360°°, 
in the circle about right-angled triangle BGL 
arc GL = 54; 18° 

and arc BL = 125;42° (supplement). 

Therefore the corresponding chords 

and BL = 106;4^} where hy P° tenUSe BG = 120P 
therefore where BG = J;15 p and GZ, t he rad i us oft he eccent re, is60 p , 
GL = 0;34 p 
and BL = 1;7 P . 

And since ZG 2 - GL 2 = ZL 2 , 

ZL « 60 p in the same units. 

And since BG = GD 

ML = LB [= 1;7 P ], 
and DM = 2GL. 

Therefore, by subtraction [of ML from ZL], ZM = 58;53 p 
and DM = 1; 8 P in the sam e units. 

Hence hypotenuse ZD[= \J ZM 2 + DM 2 ] 58;54 p . 

Therefore, where ZD = 120 p , DM = 2; 18 P , 
and, in the circle about right-angled triangle DZM, 
arc DM = 2; 12°. 

Z BZD = 2;12°° where 2 right angles = 360°°, 
and, by addition [of Z EBZ and Z BZD], Z EDZ = 56:30°° in the same units. 
And, since the planet was 18;30° in advance of the perigee at E (i.e. TH, 25°) at 
the observation, 

_ f 18:30° where 4 right angles = 360° 

\ 37°° where 2 right angles = 360°°. 
Therefore, by addition [of Z EDK to Z EDZ], 

Z KDZ = 93;30°° where 2 right angles = 360°°, 
and, in the circle about right-angled triangle DZN. 
arc ZN = 93;30°. 

Therefore its chord, ZN = 87:25 p where ZD = 120^ 

So where ZD = 58;54 p , i.e. where the epicycle radius ZK is 43; 10 P . 

ZN = 42:54 p . 

ZN = 119; 18 P where hypotenuse ZK = 120 p , 
and, in the circle about right angled triangle ZKN, 
arc ZN = 167;38°. 16 

Z ZKD = 167;38° 6 where Z ZDK has already been found as 93;30°°. 


Z EDK 


16 The accumulated rounding error here is considerable. ZN should be about 119;16 p rather than 
119; 18 P . Since this chord is so close to the maximum ol* 120 p , the resulting error in the arc is great: 
accurate computation would giveZN= 167;22°, resulting in a not negligible change ofS' in the final 
result (230:40°V 
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So, by addition, Z KZH = 261;8°°. 

And we showed that L BZD (= L HZ0) = 2;12°° in the same units. 

r , , / f 258;56°° where 2 right angles = 360°° 

Therefore, by subtraction, L ©ZK = j 129;280 where 4 ri | ht an | les = 360 o 

So the planet Venus, at the time in question, was the above distance, 129:28°, in 
advance of the epicycle apogee Q, and, [therefore], in the motion [on the 
epicycle] assigned to it in the hypothesis, [namely] towards the rear, it was the 
difference of the above from one revolution, 230;32°, which was what we had to 
determine. 

[2] From the ancient observations we selected one which is recorded by 
Timocharis as follows. In the thirteenth year of Philadelphos, Mesore [XII] 
17/18 in the Egyptian calendar [-271 Oct. 11/12], at the twelfth hour, Venus 
was seen to have exactly overtaken 17 the star opposite Vindemiatrix. That is the 
star which, in our descriptions [catalogue XXVII 6], is the one following the 
star on the tip of the southern wing of Virgo, and which had a longitude of 
TTp 8i° in the first year of Antoninus. Now the year of the observation is the 
476th from Nabonassar, while the first year of Antoninus is 884 [years] from 
Nabonassar; 18 to the 408 years of the interval corresponds a motion of the fixed 
stars and the apogees of about 4r:°. Hence it is clear that the longitude of Venus 
was 1 TB 4i°, and the longitude of the perigee of its eccentre TH, 20 H°. And here too 
Venus was past its greatest elongation as morning-star; for 4 days after the 
above observation, on Mesore 21/22, as one can deduce from what Timocharis 
savs. its longitude was TT£ 8*° according to our coordinates; and the mean 
position of the sun was ^ 17;3° at the lirst observation and— 20;59° at the next: 
thus its elongation at the first observation comes to 42;53° and at the next 42;9°. 

With the above as data, let there be drawn [Fig. 10.4] a figure similar [to the 
preceding], but which has the epicycle in advance of the perigee, since the mean 
longitude of the epicycle is 17;3°, while the longitude of the perigee is % 
20;55°. Now for that reason 

/ EBZ W 20:55- - o , 7* . 

Therefore, in the circle about right-angled triangle BGL, 
arc GL = 67;44° 

and arc BL = 112;16° (supplement). 

Therefore the corresponding chords 

and BL = 99:38'’} where hy P otenuse BG = 12()P - 
Therefore where BG = l;15 p and the radius of the eccentre, GZ = 60 p , 
GL = 0;42 p 
and BL = l^. 


(supplement). 


where hypotenuse BG : 


* 7 Most translations interpret this word (KcrreiX-pcpc*;} as ‘occulted’. Modem calculations show 
that no occultation occurred, since Venus passed about 12' to the south ofT| Vir. Nevertheless, since 
another observation where no occultation could have occurred is unambiguously described as an 
occultation (see p. 522 n.16), and KCtTaXapBaveiv denotes occultations by the moon at H28,15, 
H31,5, H32,7 and H33,9, the same is probably intended here . 

18 Reading to bk a' sto<; ttj<; ’AvtqjvIvou fktotXeiaq a>Jt& feariv arco NafJovaaoapou with 
DG.Ar) at H311, 4-5, for to 6e pexP 1 ’Avtgwvoo (iaaiXeiac; cortS' of the other mss. The first 

year of Antoninus is the 885th in the era Nabonassar, but since this observation is towards the end ot 
the Egyptian year, Ptolemy correctly counts to the end of Nabonassar 884. 
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R 



Fig. 10.4 


And since ZG 2 - GL 2 - ZL 2 , 

ZL *** 60 p . 

And by the same reasoning [as before] 

BL = LM 
and DM = 2GL. 

Therefore, by subtraction [oI LM from ZL], ZM = 58;58 p 
and DM = l; 24 p in the sam e units. 

Hence hypotenuse ZD[= \/ZM 2 + DM 2 ] 533 58;59 p - 
Therefore, where ZD = 120 p , DM = 2:5l p , 
and, in the circle about right-angled triangle ZDM, 
arc DM = 2;44° 

Z BZD = 2;44°° where 2 right angles = 360°°. 

And, by additionfofZ BZDandZ EBZ],Z EDZ = 70;28°° in the same units. 

And the distance of the planet in advance from the perigee, 


Z EDK r= rn 20*55° - w 4* 10°1 - \ where 4 n S ht angles = 360° 

utvL "l j | 153;30 oo whcrc 2 right angles = 360°°. 

Therefore, by subtraction, Z ZDK = 83;2°° in the same units, 

and, in the circle about right-angled triangle DZN, 

arc ZN = 83;2°. 

So its chord ZN = 79;33 p where hypotenuse DZ =120 p , 
and where DZ = i.e. where the epicycle radius ZK = 43;10 p , 

ZN = 39; 7 P . 

Therefore, in the circle about right-angled triangle ZKN, 
where hypotenuse ZK = 120 p 

ZN = 108;45 p 
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and arc ZN 535 * 130°. 

Z DKZ = 130°° where Z ZDK has already been found as 83;2°°. 

And, by addition, Z 0ZK = 213;2°° in the same units. 

But we showed that Z BZD (= Z HZ0) = 2;44°° in the same units. 

. , .... /rrrrxs J 215;46°° where 2 right angles = 360°° 

Therefore, by addition,/HZK - j 107;53 o where 4 right angles = 360 o 19 

At that moment, then, the distance of the planet Venus, [in the sense of 
rotation] towards the rear, from the epicycle apogee H was the difference from 
one revolution, 252;7°, which was what we had to determine. 

Now its distance from the apogee of the epicycle, in the same sense, at the 
moment of our observation was 230;32°. And the interval between the two 
observations comprises 409 Egyptian years and about 167 days, and 255 
complete revolutions in anomaly (for 8 Egyptian years produce approximately 
5 revolutions, so the 408 years produce 255 revolutions, while the remaining 
year plus the additional days do not complete the period of one revolution). So 
we have demonstrated that in 409 Egyptian years 167 days the planet Venus 
travels on the epicycle, beyond 255 complete revolutions in anomaly, 20 338;25°, 
which is the amount by which the position at our observation exceeded the 
earlier one. And approximately the same increment results from the mean 
motion tables which we set out above. For our correction of the mean motions 
was derived from the increment over complete revolutions we have found 
[above]: the time-interval was reduced to days, and the revolutions plus the 
increment to degrees. For then, w hen the total in degrees is divided by the total 
in days, there results the mean daily motion of Venus in anomaly which we set 
out previously. 21 


5. [On the epoch of [Venus'] periodic motions} 

Here, too, the task remains to establish the epochs of the periodic motions for 
the first year of the reign of Nabonassar, Thoth 1 in the Egyptian calendar, 
noon. We again took the interval between the latter moment and the moment of 
the more ancient observation. This comes to 
475 Egyptian years 346i days approximately. 22 
The increment in mean motion corresponding to that interval in the columns 


15 The accumulated rounding error here amounts to 4' (one finds 107;49°). 

20 Reading dvtopaXiat; (with DG) for avopaXitov at H314,22. Corrected by Manitius. 

21 On the actual derivation of the mean motion for Venus see Appendix C. Ptolemy’s increment 
in mean motion, 338;25°, is the motion from 252;7° (above) to 230;32° (p. 477). The accumulated 
rounding errors in those figures (see p. 476 n. 16 and above n. 19) lead to a difference in the increment 
of+4', which would have an effect on the resulting mean motion. Furthermore it is unclear what 
interval in days Ptolemy is actually using. He gives the round number 409* 167* 1 . But the time of 
Ptolemy’s observation is given as 4;45 a.m., and of Timocharis’ as ‘at the 12th hour’ (interpreted as 
6 a.m. in X 5, see below n.22). So the interval should be li hours less than the above, or, ifonf 
corrects for the equation of time at Ptolemy’s observation, (cf. p. 475 n.15) li hours less. 

22 If one assumes that the observation of Timocharis (p. 477) was made just at dawn, and applies 
the equation of time with respect to the epoch of era Nabonassar (about- i hour), the interval given is 
approximately correct. But see n.23. 
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H316 for anomaiy is approximately 181°. 2:i Subtracting the latter from the 252;7° [of 
the position] at the observation, we get for the first year ofNabonassar, Thoth 1 
in the Egyptian calendar, noon: 

epoch in anomaiy: 71;7° from the apogee of the epicycle. 

The mean position in longitude is again, by hypothesis, the same as the sun's 
namely 

longitude: X0;45°. 

And it is obvious that, since the apogee [of the eccentre] was at about 8 20;55° 
at the observation, and to the intervening 476 years correspond approximately 
44 ° [of motion of the apogee], at the moment of epoch the apogee will be in 
about 8 16; 10°. 

6 . {Preliminaries for the demonstrations concerning the other [3 outer] planets] 

Such, then, were the methods which we successfully used for these two planets, 
Mercury and Venus, to establish the hypotheses and demonstrate [the sizes ol] 
the anomalies. For the other three, Mars, Jupiter and Saturn, the hypothesis 
which we find for their motion is the same [for all] and like that established for 
the planet Venus, nameiy one in which the eccentre on which the epicycle 
centre is always carried is described on a centre which is the point bisecting the 

H317 line joining the centre of the ecliptic and the point about which the epicycle has 
its uniform motion; for in the case of each of these planets too, using rough 
estimation, the eccentricity one finds from the greatest equation of ecliptic 
anomaly turns out to be about twice that derived from the size of the retrograde 
arcs at greatest and least distances of the epicycle. However, the demonstrations 
by which we calculate the amounts of lx>th anomalies and [the positions ot] the 
apogees cannot proceed along the same lines for these planets as for the previous 
two, since these reach every possible elongation from the sun, and it is not 
obvious from observation, as it was from the greatest elongations for Mercury 
and Venus, when the planet is at the point where the line of our sight is tangent 
to the epicycle. So, since that approach is not available, we have used 
observations of their oppositions to the mean position of the sun to demonstrate, 
first of all, the ratios of their eccentricities and [the positions ol] their apogees. 
For only in such positions [of the planet], 24 considered from a theoretical point of 
view, do we find the ecliptic anomaly isolated, with no effect from the anomaly 
related to the sun. 

H318 For let [Fig. 10.5] the planet’s eccentre, on which the epicycle centre is 
carried, be ABG on centre D, and let the diameter through the apogee be AG, 
on which point E is the centre of the ecliptic, and Z the centre of that eccentre 
with respect to which the epicycle’s mean motion in longitude is taken. Draw 
the epicycle H0KL on centre B, and join ZLB0 and HBKEM. 

I say, first, that when the planet is seen along line EH through the epicycle 


23 Computing from the table (IX 4) one finds for the stated interval 180:58,34°. Ptolemy has 
either rounded unjustifiably, or computed for a slightly longer interval. A motion of half an hour 
more (i.e. neglecting the equation of time, cf. n.22) produces 180;59,20°. 

24 See HAMA 172. An ingenious analysis of the way in which Ptolemy arrived at the notion of the 
equant for the outer planets was made by Swerdlow, ‘The Origin of Ptolemaic Planetary Theory’. 
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H 



centre B, then the mean position of the sun, too, will always be on the same line, 
and that when the^planet is at H it will be in conjunction 25 with the mean sun 
(which will also, in theory, be seen towards H), and when the planet is at K it 
will be in opposition to the mean sun (which will be seen, in theory, towards Mj. 

[Proof:] For each of these [outer] planets, the sum of the mean motions in 
longitude and anomaly, counted from the apogee [of eccentre and epicycle 
respectively], equals the mean motion of the sun counted from the same 
starting-point. And the difference between the angle at centre Z (which 
comprises the mean motion of the planet in longitude), and the angle at E H319 
(which comprises the apparent motion in longitude), 26 is always the angle at B 
(which comprises the mean motion on the epicycle). Hence it is clear that when 
the planet is at H, it will fall short of a return to the apogee 0 by Z HB0; but 
Z HB© added toZ AZB produces the angle comprising the sun’s mean motion, 
namely Z AEH. which is the same as the apparent motion of the planet. 27 And 
when the planet is at K. its motion on the epicycle, again, will beZ 0BK, and 
Z 0BK + Z AZB equal the mean motion of the sun counted from the apogee A. 


25 Reading auvoOEuaEt (with G. and possibly Ar, but the translations are ambiguous) for 
auvoSfioet (‘is in conjunction'} at H31&.I8. 

26 By this expression (i*| <paivojievr| Kata nf)KO<; idvpai<;) Ptolemy means, not the true position of 
the planet, but the position of the epicycle center as seen from the earth. Compare the expression i*| 
(jxxivopEvn £711 toO £7tiici5icA.ou TtdpoSoc; at XII 2 (H470.11) to denote the ‘true anomaly’ (i.e. as 
counted from true and not mean perigee of the epicycle). 

27 In fact Z AZB - Z HB© = Z AEH. But what Ptolemy means is illustrated by Figs. PI and P2: in 

Fig. PI planet and mean sun are in conjunction. In Fig. P2 (= Fig. 10.5) they are again in 
conjunction. The epicycle has travelled through the angled (Z AZB), the planet on the epicycle has 
travelled through a, and the mean sun through tc + 360°. Then (from the figure) K (360° - 8) = 
k + a - 360°. Hence the mean sun s motion ic + 360° = K + a. Failing to understand this, an inter¬ 
polator has inserted touteotiv teupdeioa vn' at H319,8. producing the strange result 

Z HB© added to Z AZB. i.e. subtracted from it.’ 
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Thus the latter comprises 180° + (Z AZB - Z LBK) = 180° + Z GEM, i.e. the 
mean position of the sun will be opposite the apparent position of the planet. 

Hence, furthermore, in such configurations [i.e. mean conjunctions and 
oppositions], the line joining the epicycle centre B to the planet, and the line 
from E, our point of view, to the mean sun, will coincide in one straight line, but H320 
at all other [sun-planet] elongations [those vectors] will always be parallel to 
each other, although the direction in which they point will vary. 



[Proof:] In the above figure [see Fig. 10.6], if we draw the line BN from B to the 
planet in any situation, and the line EX from E to the mean sun, for the reasons 
stated above 

Z AEX = Z AZ0 + Z NB0, 28 
and Z AZ0 = Z AEH + Z HB0. 

[:. Z AEX = Z AEH + Z NB0 + Z HB0.] 

If we subtract Z AEH from both sides, 

Z HEX = Z HBN. 

Therefore line EX is parallel to line BN. 

Thus we find that in the above configurations of conjunction and opposition H321 
with respect to the mean sun, the planet is viewed, in theory, [along the line] 
through the centre of the epicycle, just as if its motion on the epicycle did not 
exist, but instead it were itself situated on circle ABG and were carried in 
uniform motion by the line ZB, in the same way as the epicycle centre is. Hence 
it is clear that it is possible to isolate and demonstrate the ratio of the ecliptic 
eccentricity by [both] such types of [planetary] positions, but since the 

28 I.e. the mean motion of th^ sun equals the mean longitudinal motion of the planet plus the 
mean anomaly of the planet. 
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X 7 . The three oppositions observed for Mars 

conjunctions are not visible, we are left with the oppositions 29 on which to build 
our demonstrations. 


7. {Demonstration of the eccentricity and apogee [position] of Mars} 30 

In the case of the moon we took the positions and times of three lunar eclipses, 
and demonstrated the ratio of the anomaly and the position of the apogee 
geometrically. So too, here, in the same way, for each of these [outer] planets, 
we observed the positions olthree oppositions to the mean sun, as accurately as 
H322 possible, using the astrolabe instruments, computed, too, the time and position 
for the precise 180° elongation 31 from the position of the mean sun at [each ol] 
the observations, and thence demonstrate the ratio of the eccentricity and [the 
position of] the apogee. 

First, then, for Mars, we took three oppositions, which we observed as 
follows. 32 

[1] The first in the fifteenth year of Hadrian. Tvbi [V 7 ] 26/27 in the Egyptian 
calendar [130 Dec. 14/15], 1 equinoctial hour after midnight, at about II 
21 °. 

[2] The second in the nineteenth year of Hadrian, Pharmoutni [VIII] 6/7 in 
the Egyptian calendar [135 Feb. 21/22], 3 hours before midnight, at about 
a 28:50°. 

[3] The third in the second year of Antoninus, Epiphi [XI] 12/13 in the 
Egyptian calendar [139 May 27/28]. 2 equinoctial hours before midnight, 
at about £ 2;34°. 

The intervals between the above are as follows: 

From oppositions [1] to [2] 4 Egyptian years 69 days 20 equinoctial hours. 
From [2] to [3] 4 years 96 days I equinoctial hour. 

For the lirst interval we compute a [mean] motion in longitude, beyond 
complete revolutions, of 81;44° 
and for the second interval, 95;28°. 

H323 Even if we used the crude periods of return, which we listed above, to compute 
the mean motions, it would make no significant dillerence over such a short 
interval. 33 

29 dicp(i>vt»CTOi literally 'configurations [at which the planet rises and sets] at the 

beginning and end of night’. 

30 On the method used to find the eccentricities of the outer planets see HAMA 172-7, Pedersen 
273-83. 

31 Reading diapetpou axaoeax; (with DG,Ar) for SiaarriaEox; ‘elongation* at H322.1. 

32 The times are arrived at by computing the position of the mean sun. Therefore the computed 
position of the mean sun at the time stated ought to be exactly 180° different from the longitudes 
given. I find, from the solar mean motion tables, 260;58,55° (instead of 261°), 328;50,22° (for 
328;50°) and 62;31,45° (for 62;34°). The latter discrepancy represents about half an hour in solar 
motion. Could Ptolemy have applied the equation of time (which is about -25! mins, compared 
with epoch) here? If so, he was mistaken, since all the computations are in terms of mean solar days. 

33 Ptolemy is referring to the crude periods of IX 3. Thus for Mars (cf. p. 424) in 79 solar years 
occur 37 returns in anomaly and 42 returns in longitude. Assuming Ptolemy’s year-length of 
365;14,48 d , one finds from this, for 4 > 69* 20\ a longitudinal increment of 81 ;39°, and, for 4 y 9o l\ 
95;23°. Using Ptolemy’s procedure, and carrying out three iterations, I find from the above data 2e 
** 11 ;57 p , distance of 3rd opposition from perigee *** 44°. Comparison with Ptolemy’s results from 
the more accurate data, 12** and 44;21°, shows that the differences are indeed negligible. 
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It is obvious that the apparent motion of the planet, beyond complete 
revolutions, is 

for the first interval 67;50° 

and for the second interval 93;44°. 

Then [see Fig. 10.7] let there be drawn in the plane oi the ecliptic three equal 
circles: let the circle carrying the epicycle centre of Mars be ABG on centre D, the 
eccentre of uniform motion EZH on centre 0, and the circle concentric with the 
ecliptic KLM on centre N, and let the diameter through all [three] centres be 
XOPR. Let A be the point at which the epicycle centre was at the first 
opposition, B the point where it was at the second opposition, and G the 
point where it was at the third opposition. Join ©AE, 0BZ, ©HG, NKA, NLB 
and NGM. Then arc KZ of the eccentric [eq uan t] is 81 ;44°, the amount of the 
first interval of mean motion, and arc ZH is 95,28°, the amount of the second H324 

X 
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X 7. Argument for approximation procedure 

interval. Furthermore arc KL of the ecliptic is 67;50°, the amount of the first 
interval of apparent motion, while arc LM is 93; 44°, the amount of the second 
interval. 

Now if arcs EZ and ZH of the eccentric [equant] were subtended by arcs KL 
and LM of the ecliptic, that would be all we would need in order to demonstrate 
the eccentricity. 34 However, as it is, they 35 [arc KL and arc LM] subtend arcs 
AB and BG of the middle eccentre, which are not given; and if we join NSE, 
NTZ, NHY, we again find that arcs EZ and ZH of the eccentric [equant] are 
subtended by arcs ST and TY of the ecliptic, which are, obviously, not given 
either. Hence the difference arcs, 36 KS, LT and MY, musf first be given, in order 
to carry out a rigorous demonstration of the ratio of the eccentricity starting 
from the corresponding arcs, EZ, ZH, and ST, TY. But the latter [arcs ST and 
TY] cannot be precisely determined until we have found the ratio of the 
eccentricity and [the position of] the apogee; however, even without the 
previous precise determination of eccentricity and apogee, the arcs are given 
approximately, since the difference arcs are not large. Therefore we shall first 
carry out the calculation as if the 37 arcs ST, TY did not differ significantly from 
the arcs KL, LM. 

For [see Fig. 10.8] let the eccentre of mean motion of Mars be ABG, on which 
H325 A is taken as the point of the first opposition, B of the second, and G of the third. 
Inside the eccentre take D as the centre of the ecliptic, which is our point of 
view, draw in every* case [where one has to carry out this kind of calculation] the 
lines joining the points of the three oppositions to the observer (as here AD, BD 



34 For the situation would be identical with that of the lunar hypothesis (IV 6). 

35 Reading auiai (with A,B [not reported by Heiberg]. Ar) for auiai at H324,8. 

3S The arcs forming the differences between arc KL and arc TS, and between arc LM and arc TY. 
37 Reading trapa taq KAM t&v ZTY TtepitpepsiOv, at H324,22, for rcapd tcu; KAM, ITY 
TiEpupepeifflv fas if arcs did not differ significantly from [arcs] KLM and STY’, which is senseless). 
My text is the reading of ail mss., Greek and Arabic. Heiberg omitted t©v through a slip or a 
misprint. Because Manitius did not realize this, his translation here is badly Hawed. 
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and GD), and, as a universal rule, produce one of the three lines so drawn to 
meet the circumference of the eccentre on the other side (as here GDE), and 
draw the line joining the other two opposition points (as in this case AB). Then, 
from the point where the straight line produced intersects the eccentre (as E), 
draw the lines joining it to the other two opposition points (as here EAand EB), 
and drop perpendiculars [from the point corresponding to E] on to the lines 
joining the above-mentioned two points to the centre of the ecliptic (in this case, 
drop EZ on to AD, and EH on to BD). Also, drop a perpendicular from one of 
those two points on to the line joining the other with the extra point generated 
on the eccentre (as here, perpendicular A0 on to line BE). If we always observe 
the above rules when drawing this type of figure, we will find that the same 
numerical ratios result however we decide to draw it. 38 The remainder of the 
demonstration will become clear as follows, on the basis of the above arcs for 
Mars. 

Since arc BG of the eccentre is given as subtending 93;44° of the ecliptic, the 
angle at the centre of the eciiptic ; 

93:44° where 4 right angles = 360° 
187:28°° where 2 right angles = 360°°, 

and its supplement, Z EDH = 172;32°° in the same units. 

Therefore, in the circle about right-angled triangle DEH, 
arc EH = 172:32° 

and EH = 119;45 p where hypotenuse DE = 120 p . 

Similarly, since arc BG = 95:28° 

the angle at the circumference, Z BEG = 95:28°° where 2 right angles = 360°°. 

But we found that Z BDE = 172:32°° in the same units. 

Therefore the remaining angle [in triangle BDE], 

Z EBH = 92°° in the same units. 

Therefore, in the circle about right-angled triangle BEH, 
arc EH = 92° 

and EH = 86: where hypotenuse BE = 

Therefore where EH, as we showed, is 119:45 p , and ED = 12 (f, 

BE = 166;29 p . 

Again, since the whole arc ABG of the eccentre is given as subtending 
[93:44° + 67;50° =] 161;34° of the ecliptic (the sum of both intervals), 
Z ADG = 161;34° where 4 right angles = 360°, 
and, by subtraction [from 180°], 

_ f 18;26° where 4 right angles = 360° 

~ \36;52°° where 2 right angles = 360°°. 

Therefore, in the circle about right-angled triangle DEZ, 
arc EZ = 36;52° 

and EZ = 37;57 p where hypotenuse DE = 120 p . 
Similarly, since arc ABG of the eccentre is, by addition [of 81;44° to 95;28°], 
177:12°/ 

Z AEG = 177; 12°° where 2 right angles = 360°°. 

But we found that Z ADE = 36;52°° in the same units. 


Z ADE 
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t8 1.c. whichever ol' ihe lines AD, BD, GD we decide to produce. 
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120 p . 


Therefore the remaining angle [in triangle ADE], 

Z DAE = 145;56°° in the same units. 

Therefore, in the circle about right-angled triangle AEZ, 
arc EZ = 145;56° 

and EZ = 114;44 K where hypotenuse AE = 
Therefore, where EZ, as was shown = 37;57 p , and ED = 120 p , 

AE = 39;42 p . 

Again, since arc AB of the eccentre = 81;44°, 

Z AEB = 81;44°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle AEG, 
arc A© = 81;44° 

ar»H n rr* — Qft-1 /cnnnlpm#»nt\ 

Therefore the corresponding chords 
A© = 78;31 p | 
and E© = 90;43 p j 

Therefore where AE, as was shown, is 39:42 p , and DE is given as 120 p , 
©A = 25;53 p 
and E© = 30;2 P . 

But the whole line EB was shown to be 166;29 p in the same units. 
Therefore, by subtraction, ©B = 136;27 p where ©A = 25;58 p . 

And ©B 2 = 18613;16, J9 
©A 2 = 674; 16, 

so AB 2 = ©B 2 + ©A 2 = 19289:32. 


P r where hypotenuse AE = 120 p . 


AB = 138;53 p where ED = 120 p and AE = 39;42 p . 
But, where the diameter of the eccentre is 120 p . AB = 78;31 p , 
since it subtends an arc of 81:44°. 

Therefore where AB = 78;31 p , and the diameter of the eccentre is \2(f, 
ED = 67;50 p 
and AE = 22;44 p . 


Therefore arc AE of the eccentre is 21;41°. 40 

And, by addition, arc EABG = [177;12° + 21;41° =] 198;53°. 

Therefore the remaining arc GE = 161;7° 

and the corresponding chord GE = 118;22 p where the diameter of the eccentre 

is 120 p . 

Now if GE had been found equal to the diameter of the eccentre, it is obvious 
that the centre would lie on GE, and the ratio of the eccentricity would 
immediately be apparent. But, since it is not equal [to the diameter], but makes 
segment EABG greater than a semi-circle, it is clear that the centre of the 
eccentre will fall within 41 the latter. Let it be at K [Fig. 10.9], and draw through 


J9 The square of 136;27 is I8618;36 to the nearest minute. The error has no significant effect on the 
size of AB below. 

40 There are some serious errors here. For the chord AE one should find, from Ptolemy’s figures, 
22;27 p , and this is indeed the reading of Ger (but not the rest of the Arabic tradition) at H329,6. The 
arc of the latter, however, is not 21;41°, but 21;34°. Ptolemy’s result (guaranteed by his further 
calculations), 21;41°, is the arc of 22;?4 P . It looks as if the errors arc Ptolemy’s own (hence the 
reading of Ger is a misguided emendation). Did Ptolemy compute 22;27 p — 21;34°, and then, 
misreading his own notes, 22;34 p — 21;41°? 

41 Reading£vxd<; toutou (with DG) at H329,17 for Jtpot; touto> (‘at the latter’). Corrected by 
Manitius. 
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Fig. 10.9 

D and K the diameter through both centres, LKDM, and drop perpendicular 
KNX from K on lo GE. 

Them since, as we showed. EG = 118:22 p where diameter LM = 120 p , 
and DE = 67;50 p in the same units, 
by subtraction, GD = 50;32 p in the same units. 

Then, since ED.DG = LD.DM, 42 

LD.DM = [67;50 x 50;32 =] 3427;5L 

But (LD.DM) + DK 2 equals the square on half the whole line [LD + DM], 43 
i.e. (LD.DM) + DK 2 = LK 2 . 

Now the square on the halfis3600,and (LD.DM) = 3427;51, 
so DK 2 = 3600 - 3427;51 = 172;9, 
and the distance between the centres, 

DK *=* 13;7 P where the radius of the eccentre, KL = 60 p44 . 
Furthermore, since 

GN = iGE = 59; 1 l p where diameter LM = 120^ 
and, as we showed, GD = 50;32 p in the same units, 

by subtraction, DN = 8;39 p where DK was computed as 13;7 P . 
Therefore in the circle about right-angled triangle DKN, 

DN = 79;8 P where hypotenuse DK = 120 11 , 
and arc DN = 82;30°. 

. , f 82;30°° where 2 right angles = 360°° 

1 ~ 41; 15° where 4 right angles = 360°. 

And since L DKN is an angle at the centre of the eccentre, 
arc MX = 41; 15° also. 

« Euclid III 35. 

4H Euclid II 5. 

44 Accurate computation from Ptolemy’s original data gives about I3;2] p . 
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But the whole arc GMX = { arc GXE [= j. 161 ;7°] = 80;34°. 

Therefore, by subtraction, the arc from the third opposition to the perigee, 
arc GM = 39; 19°. 45 

And it is obvious that, since arc BG is given as 95;28°, 
by subtraction, the arc from the apogee to the second opposition, 
arc LB [= 180° - (95;28° + 39;19°)] = 45;13°, 
and that, since arc AB is given as 81;44°, 

by subtraction, the arc from the first opposition to the apogee, 
arc AL [= arc AB - arc LB] = 36;31°. 

Taking the above quantities as given, let us investigate the differences which 
H332 can be derived from them in the ecliptic arcs which we seek to determine at each 
of the oppositions [in turn]. Our investigation proceeds as follows. 



Fig. 10.10 


[See Fig. 10.10.] From the previous figure [10.7] for the three oppositions let 
us draw separately the part representing the first opposition, draw the 
additional line AD, and drop perpendiculars DF and NQfrom points D and N 
on to A0 produced. 

Then, since arc XE = 36;31°, 

Z FOX - i 36;31° where 4 right angles = 360° 

\ 73;2°° where 2 right angles = 360°°. 

And the vertically opposite angle D0F = 73;2°° in the same units also. 
Therefore, in the circle about right-angled triangle D0F, 
arc DF = 73;2° 

and arc 0F = 106;58° (supplement). 

Therefore the corresponding chords 
DF - 71-25 p 1 

and F© = 96-27 p J where h YP otenuse D0 = 120 p . 

H333 Therefore where D© = 6;33i P and the radius ol the eccentre. DA = 60 p , 

DF = 3;54 p 
and F© = 5;16 p . 


45 Accurate computation from Ptolemy’s data gives 39;10°. 
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And since DA 2 - DF 2 = FA 2 , 

AF = 59;52 p , 
and, since QF = F0, 
by addition [of QF to FA], QA = 65;8 P 

where NQ = 2DF = 7;48 p . 

Hence hypotenuse [of right-angled triangle NAQ] 

NA = 65;36 p in the same units. 

Therefore, where NA = 120 p , NQ = 14;16 p , 
and, in the circle about right-angled triangle ANQ 
arc NQ= 13;40° 

Z NAQ= 13;40°° where 2 right angles = 360°°. 

Again, since QN was shown to be 7;48 p and Q0 [= 2F0] to be 10;32 p , 
where the radius of the eccentre, 0E = 60 p , 

by addition, Q0E = 70;32 p in the same units, 
and hence the hypotenuse [of right-angled triangle QNE] 

NE 71 p in the same units. 

Therefore, where NE = 120 p , QN = 13;10 p , 46 
and, in the circle about right-angled triangle ENQ 
arc QN = 12;36°. 

Z NEQ= 12;36°° where 2 right angles = 360°°. 

But we found that Z NAQ = 13;40°° in the same units. 

Therefore, by subtraction [ofZ NEQfrom Z NAQ], 

/ 4\ T F - {^°° w ^ ere ^ right angles = 360®° 

‘ 1 ~ \0;32° where 4 right angles = 360°. 

That [0;32°], then, is the amount of arc KS of the ecliptic. 

Next, draw a similar figure containing [the part ol] the diagram for the 
second opposition [Fig. 10.11]. 



Fig. 10.11 


46 The roundings here are particularly crude: from the immediately preceding numbers one finds 
NE = 70;57,48 p , whence QN = 13;I l,24*. Even NE = 7I P leads to QN = I3;X0,59^. 
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where hypotenuse D0 = 120 p . 
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Then, since arc XZ is given as 45; 13°, 47 

Z X07 - / 45; 13° where 4 right angles = 360° 

\ 90;26°° where 2 right angles = 360°°, 
and the vertically opposite angle D0F = 90;26°° in the same units, also. 
Therefore, in the circle about right-angled triangle D0F, 
arc DF = 90;26° 

and arc F© = 89;34° (supplement). 

Therefore the corresponding chords 
DF = 85;10 P 1 
and F0 = 84;32 P J 
Therefore where D0 = 6;33? p and the radius of the eccentre, DB = 60 p , 
DF = 4:39 p 
and F0 = 4;38 p . 

And since DB 2 - DF 2 = BF 2 , 

FB = 59;49 p , 
and. since FQ= F0, 

by addition. QB = 64;27 p where NQ,(= 2DF) is computed as9; i8 p . 
Therefore hypotenuse [of right-angled triangle NQB] 

NB = 65;6 P4y in the same units. 

Therefore, where NB = \2(f, NQ = 17:9 P , 
and, in the circle about right-angled triangle BNQ, 
arc NQ= 16:26° 

Z NBQ = 16;26°° where 2 right angles = 360°°. 

Again, since NQwas shown to be9;I8 p , and Q0 [= 2F0] = 9;16 p , 
where the radius of the eccentre, Z0 = 60^ 

by addition, Q0Z = 69;16 p in the same units. 

Hence hypotenuse NZ [of right-angled triangle NQZ] = 69;52 p . 

Therefore, where hypotenuse NZ = 120 1 *, NQ,^ 16 p , 
and, in the circle about right-angled triangle ZNQ, 
arc NQ= 15;20°. 

Z NZQ= 15;20°° where 2 right angles = 360°°. 

But we found that Z NBQ= 16;26°° in the same units. 

{ 1 ;6°° in the same units 
0:33° where 4 right angles = 360°. 
That [0;33°], then, is the amount of arc LT of the ecliptic. 

Now, since we found arc KS as 0;32° for the first opposition, it is clear that the 
first interval, taken with respect to the eccentre. 49 will be greater than the 
interval of apparent motion by the sum of both arcs, [namely] 1;5°, and [hence] 
will contain 68;55°. 

Then let [the part of] the diagram for the third opposition be drawn [Fig. 
10.12]. Now, since arc PH is given as 39; 19°, 

Z P0H - «f 39; 19° where 4 right angles = 360° 

\ 78;38°° where 2 right angles = 360°°. 


Therefore, by subtraction, Z BNZ 


47 Cf. arc LB on p. 490. _ 

48 Reading (with D,Ar) for £9 (69;6) at H335.9. The correction is assured by the preceding and 
subsequent computations. 

49 I.e. the equant: this is made explicit in XI 1 p. 515. See n.7 there. 
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Therefore, in the circle about right-angled triangle D0F, 
arc DF = 78:38° 

and arc 0F = 101;22° (supplement). 

Therefore the corresponding chords 
DF = 76-° p 'l 

and 0F = 92;50 p j where h >'P otenuse 00 = 12 ° P - 
Therefore where the distance between the centres, D0 = 6;33j p , and the radius H337 
of the eccentre, DG = 60 p , 

DF = 

and 0F = 5:4 P . 

And since GD 2 - DF 2 = GF 2 , 

GF = 59:5 l p , 
and, since 0F = FQ, 

by subtraction, GQ= 54:47 p where XQ(=2DF) is computed as 8; 18 p . 

Hence hypotenuse [of right-angled triangle NGQ] 

XG = 55;25 p in the same units. 

Therefore, where XG = 120**, XQ= \7;59P, 
and, in the circle about right-angled triangle GNQ, 
arc XQ. = 17:14° 

**• Z XGQ= 17:14°° where 2 right angles = 360°°. 

Again, since XQwas shown to be8:18 p , and0Q[= 2F0] = 10:8 P , 
where the radius of the eccentre, 0H = 60 p , 

by subtraction, QH = 49:52 p in the same units, 
and therefore hypotenuse NH [of right-angled triangle NHQ] = 50;33 p . H338 

Therefore, where NH = 120 p , xNQ= 19;42 p , 
and, in the circle about right-angled triangle HNQ, 
arc NQ= 18:54°. 

Z NH18:54°° where 2 right angles = 360°°. 

But we showed that Z NGQ= 17:14°° in the same units. 
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Therefore by subtraction, Z GNH 


\0;5 


;40°° in the same units. 
i;50° where 4 right angles = 360°. 
That [0;50°], then, is the amount of arc MY of the ecliptic. 

Now since we found arc LT as 0;33° for the second opposition, it is clear that 
the second interval, taken with respect to the eccentre, will be less than the 
interval of apparent motion by the sum of both arcs, [namely] 1;23°, and will 
[thus] contain 92;21°. 

Using the ecliptic arcs thus computed for the two intervals, and, once more, 
the original arcs assumed for the eccentric [equant], and following the theorem 
demonstrated above [pp. 486-9] for such elements, by means of which we 
determine [the position ol] the apogee and the ratio of the eccentricity, we find 
(not to lengthen our account by going through the same [computations in detail 
again]), 

H339 the distance between the centres, DK = 11 ;50 p where the radius of the eccentre 

is 60 p ; 

the arc of the eccentre from the third opposition to the perigee, GM = 45;33°. 50 
Hence arc LB = [180° - (95;28° + 45;33°)] = 38;59° 
and arc AL = [81 ;44° - 38;59°] = 42;45°. 

Next, starting from these [arcs] as data, we found from our demonstration for 
each of the oppositions [separately] thefoilowingamountsforthetruesizeofeach 
of the arcs in question: 

arc KS 0:28° 

arc LT, about the same, 0:28° 

and arc MY 0;4O. 51 

We combined the [corrections]lor the first and second oppositions, added the 
resulting 0;56° to the ecliptic arc of the first interval, 67;50°, and got the accurate 
interval with respect to the eccentre as 68;46°. Again, combining the 
[corrections] for the second and third oppositions, and subtracting the resulting 
1 ;8° from the apparent motion on the ecliptic over the second interval, 93;44°, 
we got the accurate interval with respect to the eccentre as 92;36°. 

Next, using the same procedure [as before], we determined a more accurate 
H340 value for the ratio ol the eccentricity and [the position ol] the apogee; we found 
the distance between the centres, DK* 8 12 p where the radius of the eccentre, 

KL = 60 p , 

arc GM of the eccentre = 44;21°, 52 
whence, again, arc LB = 40; 11° 
and arc AL = 41;33°. 

Next, we shall show by means of the same [configurations] that the observed 
apparent intervals between the three oppositions are found to be in agreement 
with the above quantities. 


50 From Ptolemv’s elements, A^, = 81;44°, AL, = 95;28°, AA., = 68;55°, AX, = 92;21°, I compute 2e- 
11 ^(F, GM = 45;28°. 

51 From a double eccentricity of 11 ;50 p and Ptolemy’s values for arcs GM, LB and AL, I lind: arc 
KS = 0;27,49°, arc LT = O^Sl 0 , arc MY = 0;39,31°. 

5ii From Ptolemy’s elements I find: DK = 1 l;59,50 p 12*, arc GM = 44; 18,45°** 44; 19°. Ptolemy is 

quite right to terminate his calculation here, since a further iteration produces a change in the 
eccentricity of less than 0;0,30 p and in the line of the apsides of less than 5'. 
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X 7. Verification of Mars’ apogee and eccentricity 



1 

Fig. 10.13 


Let there be drawn [Fig. 10.13] the diagram for the first opposition, but 
with only eccentre EZ, on which the epicycle centre is always carried, drawn in. 
Then 


Z A0E = 41;33° where 4 right angles = 360°, 
so where 2 right angles = 360°°, 

Z A0E = 83;6°° = Z D0F (vertically opposite). 

Therefore, in the circle about right-angled triangle D0F, 
arc DF = 83;6° 

and arc F0 = 96;54° (supplement). 

Therefore the corresponding chords 

and F0 I 89:50'’} where h >P otem,se 00 = 120P 
Therefore where D0 = 6 P and hypotenuse [of right-angled triangle 
DAF] DA = 60 p , ' 

DF = 3;585 p 
and F0 = 4;30 p . 

And since DA 2 - DF 2 = FA 2 , 

FA = 59;50 p in the same units. 

Furthermore, since F0 = FQand NQ,= 2DF, 

by addition, AQ = 64;20 p where NQ/= 7;57 p . 

Hence hypotenuse [of right-angled triangle NAQJ NA = 64;52 p in thesame units. 

I’heretore where NA = 120**, NQ= 14;44 p , 
and, in the circle about right-angled triangle ANQ, 
arc NQ= 14;6°. 

* / MAO - / ^4j6°° where 2 right angles = 360°° 

1 7;3° where 4 right angles = 360°. 

But Z A0E = 41;33° in the same units. 
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496 X 7 . Verification: Mars’ 1st and 2nd oppositions 

Therefore, by subtraction, the angJe of the apparent position, / ANE = 34;30°. 
This is the amount by which the planet was in advance of the apogee at the first 
opposition. 

Let a similar diagram [Fig. 10.14] be drawn again for the second opposition. 
Then the angle of the mean position of the epicycle, 


E 



Z B0E = 40;11° where 4 right angles = 360°, 
so where 2 right angles = 360°°, 

Z B0E = 80;22°° = Z Q0N (vertically opposite). 

Therefore, in the circle about right-angled triangle D0F, 
arc DF = 80;22° 

and arc F© = 99;38° (supplement). 

There foie the corresponding chords 

and F© = 91;4?} h >P otenuse 00 = 12 ° P - 

Therefore where D@ = 6 P and hypotenuse [of right-angled triangle 
DBF] DB = 60 p , 

DF = 3;52 p 
and F0 = 4;35 p . 

And since DB 2 - DF 2 = BF 2 , 

BF = 59;53 p in the same units. 

And, by the same argument [as before], 53 

since F0 = FQ, and NQ,= 2 DF, 
by addition, BQ= 64;28 p where NQ= 7;44 p . 

Hence hypotenuse [of right-angled triangle BNQ] BN = 64;56 p in the same units. 

■ w Reading Kara rauta (as D, Kara ta autd. At) for Kara tauia (‘according to this") at H342.23. 
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Therefore, where hypotenuse BN = 120 13 , NQ= 14;I9 P , 54 
and, in the circle about right-angled triangle BNQ, 
arc NQ= i3;42°. 

. ^ NB q_ [ 13;42°° where 2 right angles = 360°° 

| 6;51° where 4 right angies = 360°. 

But Z B0E = 40; 11° in the same units. 

Therefore, by subtraction, the angle of apparent position, 

Z ENB = 33;20° in the same units. 

That [33;20°], then, is the amount by which the planet, in its apparent motion, 
was to the rear of the apogee at the second opposition. And we showed that at 
the first opposition it was 34;30° in advance of the apogee. Therefore the total 
distance [in apparent motion] from first to second opposition comes to67;50°, in 
agreement with what we derived from the observations [p. 485]. 

Let the diagram for the third opposition be drawn in the same way [Fig. 
10.15]. In this case the angie of the mean position of the epicycle. 


E 



Z 

Fig. 10.15 


/ GGZ - / u 'here 4 right angles = 360° 

[88:42°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle D0F, 
arc DF = 88;42° 

and arc F0 = 91; 18° (supplement). 

Therefore the corresponding chords 
DF = 83’53 P 1 

and F© = 85^49*’/ where h >'P otenuse 00 = 120”. 

14 7;44 x 120/64;56 = 14; 17,30, but if one carries out the above computations to 2 fractional 
sexagesimal places, one linds XQ,= 14:18,4I P . As often. Ptolemy computed with greater accuracy 
than the text implies. 
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498 X 7. Agreement of computation with observations for Mars 

Therefore where D@ = &* and the radius of the eccentre, DG = 60 p , 
DF=4;llj p 
and F0 = 4; 17 P . 

And since DG 2 - DF 2 = GF 2 , 

we find that GF = 59;51 p in the same units. 

Furthermore, since F© = FQ, and NQ = 2DF, 
we find by subtraction that QG = 55;34 p where NQ= 8;23 p . 

Hence we find that hypotenuse [of right-angled triangle GNQ] 

GN = 56;12 p in the same units. 

Therefore, where hypotenuse GN = 120 p , NQ = 17;55 p , 
and, in the circle about right-angled triangle GNQ, 
arc NQ= 17; 10°. 

* / where 2 right angles = 360°° 

1 \ 8;35° where 4 right angles = 360°. 

But Z G0Z = 44;21° in the same units. 

Therefore, by addition,Z GNZ = 52;56° in the same units. 

That [52;56°], then, is the amount by which the planet was in advance of the 
perigee at the third opposition. But we also showed that at the second opposition 
it was 33;20° to the rear of the apogee. So we have found 93;44° between the 
second and third oppositions, computed by subtraction [of thesumof52;56°and 
33;20° from 180°], in agreement with the amount observed for the second interval 
[p. 485]. 

Furthermore, since the planet, when viewed at the third opposition along line 
GN. had a longitude of $ 2;34° according to our observation [p. 484], and angle 
GNZ at the centre of the ecliptic was shown to be 52;56°, it isclear that the perigee 
of the eccentre, at point Z, had a longitude of[£ 2;34° + 52;56° =] 10° 25;30°, 
while the apogee was diametrically opposite in ZZ 25:30°. 

And if [see Fig. 10.16] we draw Mars’ epicycle KLM on centre G and produce 
line ©GM/ 3 we will have, for the moment of the third opposition: 

mean motion of the epicycle counted from apogee of the eccentre: 135,39° 

(for its supplement, Z G©Z, was shown to be 44;21°); 

mean motion of the planet from the epicycle apogee M (i.e. arc MK): 171 ;25° 
(for Z ©GN was shown to be 8;35° [above], and since it is an angle at the 
centre of the epicycle, the arc KL from the planet at K to the perigee at L is 
also 8:35°, hence the supplementary arc from the apogee M to the planet at K 
is, as already stated, 171;25°). 

Thus we have demonstrated, among other things, that at the moment of the 
third opposition, i.e. in the second year of Antoninus, Epiphi 12/13 in the 
Egy ptian calendar, 2 equinoctial hours before midnight, the mean positions of 
the planet Mars were: 

in longitude (so-called) from the apogee of the eccentre: 135;39° 

in anomaly from the apogee of the epicycle: 171;25°. 

Q.E.D. 


i5 Reading 0TO (with at-Haijaj) for 0f (0G) at H345,22. 
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8. {Demonstration of the size of the epicycle of Mars] 56 

Our next task is to demonstrate the ratio of the size of the epicycle. For this 
purpose we took an observation which we obtained by sighting [with the 
astrolabe] about three days after the third opposition, that is, in the second year 
of Antoninus, EpiphifXI] 15/16 in the Egyptian calendar [139 May 30/31], 3 
equinoctial hours before midnight. [That was the time,] for the twentieth 
degree of Libra [i.e. — 19°-20°] was culminating according to the astrolabe, 
while the mean sun was in II 5;27° at that moment. Now when thestarontheear 
of wheat [Spica] was sighted in its proper position [on the instrument]. Mars 
was seen to have a longitude of } 1 ^°. At the same time it was observed to be the 
same distance (1 s°) to the rear of the moon’s centre. Now' at that moment the 
moon’s position was as follows: 5 ' 

mean longitude J: 4;20° 

true longitude rrL 29;20° 

(lor its distance in anomaly from the epicycle apogee was 92°) 

apparent longitude $ 0°, 58 

So from these considerations too the longitude of Mars was $ 1;36°, in 
agreement with the [astrolabe] sighting. 

Hence, clearly, it was 53;54° in adv ance of the perigee. 59 


56 On the method employed here see HAMA 179-80, Pedersen 283-6. 

57 These positions are computed (accurately), not for 9 p.m., but for 8;37 p.m., i.e. Ptolemy his 
applied the equation of time with respect to epoch as -23 minutes (it should be about -25] mins.) 

58 Literally ‘at the beginning of Sagittarius'. 

59 Which was in V> 25;30° (X 7 p. 498). 
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X 8 . Geometrical determination of size of Mars' epicycle 

And the interval between the third opposition and this observation comprises 
in longitude about 1;32° 

in anomaly about 1;21°. 60 

If we add the latter to the [mean] positions at the opposition in question 61 as 
demonstrated above, we get, for the moment of this observation; 

distance of Mars in longitude from the apogee of the eccentre: 137; 11° 

distance in anomaly from the apogee of the epicycle: 172;46°. 

With these elements as data, let [Fig. 10.17] the eccentric circle carrying the 
centre of the epicycle be ABG on centre D and diameter ADG, on which the 
centre of the ecliptic is taken at E, and the point of greater eccentricity [i.e. the 


A 



equant] at Z. Draw the epicycle H0K on centre B, draw ZKBH, E0B and DB, 
H349 and drop perpendiculars EL and DM from points D and E on to ZB. Let the 
planet be situated at point N on the epicycle, join EN, BN, and drop 
perpendicular BX from B on to EN produced. 

Then, since the planet’s distance from the apogee of the eccentre is 137; 11°, 

42;49° where 4 right angles = 360° 

85;38°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle DZM, 
arc DM = 85:38° 

and arc ZM = 94;22° (supplement). 

Therefore the corresponding chords 


Z BZG = [180° - 137; 11° =] 


60 These mean motions also agiee l>etter with an interval 012* 22 1 * 37 m than with one of^ 23 h (see 
n.57). 

hl Reading waia Tr)V (moK£iu£VT}v atcptavutCTov (with D) lor Kara tt|v {>kokeih£vt|V y' 
atcptovoKTov (*at the third opposition, which is the one in question’) at H348.9-10. 


Z GEX is given as** 
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DM = 81;34 p | ... 

and ZM = 88;l p J whcre h >'P otcnusc DZ = 120 ^ 
Therefore where the distance between the centres, DZ = 6 P , 
and the radius of the eccentre, DB = 60 p , 

DM = 4;5 P 
and ZM = 4;24 p . 

And since DB 2 - DM 2 = BM 2 , 

BM = 59;52 p in the same units. 

Similarly, since ZM = ML, and EL = 2DM, 
by subtraction, BL = 55;28 p and EL = 8;lO 1 * in the same units. 
Hence hypotenuse [of right-angled triangle EBL] EB = 56;4?. 

Therefore, where EB = 120 p , EL = 17;28 p , 
and, in the circle about right-angled triangle BEL, 
arc EL = 16;44° 

Z ZBE = 16;44°° where 2 right angles = 360°°. 
Furthermore, the apparent distance of the planet Mars in advance of the 
perigee G, 

53;54° where 4 right angles = 360° 
107;48°° where 2 right angles = 360°°. 

And, in the same units, Z ZBE = 16;44°° (shown above), 
and Z GZB = 85;38°° (given), 
so Z GEB = Z ZBE + Z GZB = 102;22°°. 

Therefore, by subtraction [of Z GEB from Z GEX], 

Z BEX = 5;26°° in the same units, 
and, in the circle about right-angled triangle BEX 
arc BX = 5;26°. 

So BX = 5;41 p where hypotenuse EB = \2(f . 
Therefore where EB, as was shown, = 56;4 P , 
and the radius of the eccentre is 60 p , 

BX = 2;39 p . 

Similarly, since the distance of point N from the epicycle apogee H was 172;46°, 
and [hence], from the perigee K, 7; 14°, 

7; 14° where 4 right angles = 360° 

14:28°° where 2 right angles = 360°°. 

But Z KB© was found as 16:44°° in the same units. 

Therefore, by subtraction, Z NB© = 2;16°°, 
and. by addition, [ofZ NB© toZ BEX],Z XNB = 7:42°°. 

Therefore, in the circle about right-angled triangle BXX, 
arc XB = 7;42° 

and BX = 8;3 P where hypotenuse BN = 120 p . 
Therefore where BX = 2:39** and the radius of the eccentre = 60 p , 
the epicycle radius BN« 39;30 p . 

Therefore the ratio of the radius of the eccentre to the radius of the epicycle is 
60 : 39;30. 


Z KBN = 
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Q.E.D. 
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H352 9. [On the correction of the periodic motions oj Mars} 6 * 

In order to correct the periodic mean motions we took one of the ancient 
observations, in which it is declared that in the 13th year of the calendar of 
Dionysius, Aigon 25, h< at dawn. Mars seemed to have occulted the northern 
[star in the] forehead of Scoipius. The moment of this observation is in the 
52nd year from the death of Alexander, i.e. in the 476th year from Nabonassar, 
Athyr [III] 20/21 in the Egyptian calendar [-271 Jan. 17/18], dawn. At this 
time we find the longitude of the mean sun as V> 23;54°; and the longitude of the 
star on the northern part of the iorehead of Scorpius was observ ed in our time b4 
as TTL 6j°. So, since the 409 years from the observation to [the beginning ol] the 
reign of Antoninus produce about 4;5° of shift in the position of the fixed stars, at 
the time of the observation in question the longitude of the star must have I^een 
ttv 2i°, and, obviously, the longitude of the planet Mars was the same. In the 
same way, since the longitude of the apogee of Mai's in our time, that is at the 
H353 beginning of the reign of Antoninus, was^3 25;30°, it must have been 2^ 21;25° 

at the observation. Thus it is clear at that moment the apparent distance of the 
planet from its apogee was 100;50°, while the distance of the mean sun from the 
same apogee was 182;29°, and, obviously, 2;29° from [Mars’] perigee. 

With the above elements as data, let [Fig. 10.18] the eccentric circle carrying 
the epicycle centre l>e ABG on centre D and diameter ADG, on which the 
centre of the ecliptic is taken at E, and the point of the greater eccentricity [i.e. 
the equant] at Z. Draw the epicycle H0 on centre B, draw ZBH and DB, and 
drop perpendicular ZK from Z on to DB. Let the planet be situated at point 0 
H354 of the epicycle; join B0 and draw EL parallel to it from E; then it is clear from 
our earlier demonstration [X 6, pp. 480-3] that the mean position of the sun 
will !>e seen along EL. Join E0, and on to it drop perpendiculars DM and BN 
from points D and B. Also, drop perpendicular DX from D on to BN, so that the 
figure DMNX is a rectangular parallelogram. 

Then, since the angle representing the apparent distance of the planet Ifom 
the apogee, 

Z AEG = 100;50° where 4 right angles = 360°, 
and the angle representing the mean motion of the sun [counted from the 
perigee], 

Z GEL = 2;29° in the same units, 

Z 0EL = Z B0E = [180° - 100;50° + 2;29° =] 
f 8I;39° where 4 right angles = 360° 

[ 163;18°° where 2 right angles = 360°°. 


1,2 On the method employed here see HAMA 180-2. 

b3 Bockh (Sonntnkreise 294), in agreement with Lepsius, changed this to 'Aigon 26’ on the basis of 
his reconstruction of Dionysius’ calendar. He was followed by Manitius. The uncertainties are too 
many to justify emendation by a single day. It may be pertinent that the occultation (if there was 
one) must, according to modern calculations, have occurred two days earlier than the date Ptolemy 
gives. 

64 Catalogue no. XXIX 1. 
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R 



Fig. 10.18 


Therefore, in the circle about right-angled triangle B0N, 
arc BN =163:18° * 

and BN = 118:43*’ where hypotenuse B0 = 120 p . 

Therefore where the radius of the epicycle, B0 = 39;30 p , 
and the distance between the centres. ED = 6 P , 

BN = 39:3 P . 

Furthermore, since 

/ / 100:50° where 4 right angles = 360° 

~ [201:40°° where 2 right angles = 360°°, 
and therefore its supplement, Z DEM = 158;20°° in the same units, H355 
in the circle about right-angled triangle DEM, 
arc DM = 158:20° 

and DM = 117:52 p where hypotenuse DE = 120 p . 

Therefore where DE = 6 P and BN, as was shown, is 39;3 P , 

DM = NX = 5:54 p . 

So, by subtraction, BX = 33:9 P where the radius of the eccentre, BD = 60 p . 
Therefore where hypotenuse [of right-angled triangle BDX] BD = 120 p , 

BX = 66;18 p , 

and, in the circle about right-angled triangle BDX, 
arcBX«67;4°, 

.*• Z BDX = 67:4°° where 2 right angles = 360°°, 
and, by addition [of right angle XDM], Z BDM = 247;4°°. 

But, since Z DEM was shown to be 158;20°°, 

Z EDM [= a right angle minus Z DEM] = 21;40°° in the same units. 

Therefore, by subtraction, Z BDE is computed as 225:24°°, 
and its supplement, Z BDA = 134;36°° in the same units. 
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H356 


H357 


Therefore, in the circle about right-angied triangie DZK, 
arc ZK = 134;36° 

and arc DK = 45;24° (supplement). 

Therefore the corresponding chords 

Zfv — «10--°^ 

and DK I whe ' e h ^ otenuse DZ = 12()P 

Therefore where DZ = 6 P and the radius of the eccentre, DB = 60 p , 
ZK = 5;32 p 
and DK = 2:19*. 

And, by subtraction, KB = 57;41 p . 

Hence hypotenuse [of right-angled triangle BZK] BZ^ 57;57 p in the same units. 

Therefore, where BZ = 120 p , ZK = ll:28 p , 
and, in the circle about right-angled triangle BKZ, 
arc ZK= 10:58° 

Z ZBD = 10;58°° where 2 right angles =360°°. 

But Z BDA = 134:36°° in the same units. 


Therefore, bv addition, BZA = 


t 


145:34°° in the same units 


72:47° where 4 right angles = 360°. 
Therefore the mean position in longitude of the planet (i.e. of B. the centre of the 
epicycle) at the moment of the observation in question was 72:47° from the 
apogee,*' 3 Hence its [mean] longitude was [23 21:25° + 12: A 7° ~] ^ 4:12°. 
And Z GEL is given as 2:29°, 

and Z GEL plus the two right angles of semi-circle ABG equals the sum of the 
mean longitude, Z AZB, and the [mean] anomaly (i.e. the [mean] motion of the 
planet on the epicycle), Z HB0. 

So, by subtraction [of Z AZB from Z GEL + 180°], we get 
Z HB0 = 109:42°. 


Therefore the distance of the planet in anomaly from the apogee of the epicycle 
at that same moment of the observation was the above 109;42°, which was what 
we had to determine. 

Now we had [already] shown [X 7. p. 498] that at the moment of the third 
opposition the distance [of Mars] in anomaly from the apogee of the epicycle 
was 171:25°. Therefore, in the interval between the observations, which 
comprises 410 Egyptian years and 231? days (approximately), the planet moved 
61:43° beyond 192 complete resolutions. That is practically the same 
increment [in anomaly] which we find from the tables for Mars' mean motion 
we constructed. For our [mean] daily motion was derived from these very data, 
by dividing the number of degrees obtained from the complete revolutions plus 
the increment by the number of days computed from the interval between the 
two observations. 66 


** Through accumulated small computational and rounding errors Ptolemy's result is 3' too great 
(accurate is 72;43.50°}. This would have some elVect on the resulting mean motion in anomaly. 

nh On the actual derivation of the mean motion in anomaly, which remains mysterious in the case 
of Mars, see Appendix C. 
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10. {On the epoch of [Mars’] periodic motions] 

Furthermore, the interval from the first year of Nabonassar, Thoth 1 in the 
Egyptian calendar, noon, until the above observation [p. 502], is 
475 Egyptian years and approximately 79i days, 
and that interval comprises increments of 
180;40° in longitude 
and 142;29° in anomaly. 67 

If, then, we subtract the latter from the respective positions for both [longitude 
and anomaly] at the observation, as given above [p. 504], namely, 

=£= 4; 12° in longitude 
and 109;42° in anomaly, 

wc get the lollowing epoch positions for the periodic motion of Mars at noon 
Thoth 1 in the Egyptian calendar, first year of Nalxmassan 
longitude 3;32° 

anomaly 327; 13° from the epicycle apogee. 

Similarly, since, for the shift of the apogee in 475 years one gets by computation 
4i°, and the apogee of Mars was in 23 21;25° at the observation, it is obvious 
that, at the above moment of epoch, 
longitude of the apogee was 23 16;40°. 


147 The increments over 475' 79i d are (to the nearest minute) 180:39° in longitude and 142;28° in 
anomaly. To get Ptolemy's figures one needs ai>out i hour more of motion. Perhaps he took ‘dawn’ 
as 6:30 a.m. at Dionysius' observation. But in that case the interval between Dionysius’ observation 
and his own (p. 504) should have been less. 
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Book XI 


1. {Demonstration of the eccentricity of Jupiter) 1 


Now that we nave established the periodic motions, anomalies and epochs of 
the planet Mars, we shall next deal with those of Jupiter in the same way. Once 
again, we first take, to demonstrate [the position of] the apogee and [the ratio of] 
the eccentricity, three oppositions [in which Jupiter is] directly opposite the 
mean sun. 

[1] We observed the first of these by means of the astrolabe instrument in the 
seventeenth year of Hadrian, Epiphi [XI] 1/2 in the Egyptian calendar [133 
May 17/18], 1 hour before midnight, in xtl 23:11°; 

[2] the second in the twenty-first year [of Hadrian], Phaophi [II] 13/14 [136 
Aug. 31 Sept. 1], 2 hours before midnight, in X 7:34°; 

[3] and the third in the first year of Antoninus, Athyr [III] 20/21 [137 Oct. 

7 8], 3 hours after midnight, in HP 14:23°. ' 

For the two intervals, that from the first to the second opposition comprises: 
[in time] 3 Egyptian years 106 days 23 hours 

and in apparent motion of the planet 104:43°; 

while that from the second to the third opposition comprises: 

[in time] 1 Egyptian year 37 days 7 hours 

and [in true longitude] 36:29°. 

By computation we find the mean motion in longitude 

for the first interval: 99;55° 

for the second interval: 33;26°. 

From these intervals, following the methods expounded for Mars, we carried 
out the demonstration of what we proposed to determine; first of all as if there 
were, again, only one eccentre. The demonstration is as follows. 

Let [Fig. 11.1 ] the eccentre be ABG. on which point A is taken as the position 
of the epicycle centre at the first opposition, B that of the second opposition, and 
G that of the third. Within the eccentre ABG take D as the centre of the ecliptic, 
join AD, BD and GD, produce GD to E and draw AE, EB and AB, and drop 
perpendiculars EZ and EH from E on to AD and BD, and perpendicular A© 
from A on to EB. 

Then, since arc BG of the eccentre is given as subtending 36;29° of the 
ecliptic, the angle at the centre of the ecliptic, 

/ Rnr t / PDHi - 1 36;29 ° where 4 ri S ht an S les = 360 ° 

Z BDG (= Z EDH) - j 72;5800 where 2 ,. ght angles = 360 oo 

1 The procedure (or Jupiter and Saturn is identical to that lor Mars (except that fewer iterations 
are required). The reader is referred to the notes on X 7-9 lor elucidations of points of detail. 



508 XI1. Preliminary determination of Jupiter 3 s apogee and eccentricity 



Fig. 11.1 


Therefore, in the circle about right-angled triangle EDH, 
arc EH = 72:58° 

and EH = 71;21 p where hypotenuse DE = 120 P . 
Similarly, since arc BG = 33:26°, 
the angle [subtended by it] at the circumference, 

Z BEG = 33;26°° where 2 right angles = 360°°; 
and, by subtraction [of Z BEG from Z EDH], 

Z EBH = 39;32°° in the same units. 

Therefore, in the circle about right-angled triangle BEH, 
arc EH = 39:32° 

and EH = 40;35 p where hypotenuse BE = 120 p . 
Therefore where EH, as we showed, is 71:21 p , and ED = 120 p , 

BE = 210;58 p . 

Furthermore, since the whole arc ABG of the eccentre is given as subtending 
141:12° of the ecliptic (the sum of both intervals [ 104:43° and36:29°]), the angle 
at the centre of the ecliptic, 

. _ f 141; 12° where 4 right angles = 360° 

H363 Z = [282:24°° where 2 right angles = 360°°, 

and its complement, Z ADE = 77;36°° in the same units. 

Therefore, in the circle about right-angled triangle DEZ, 
arc EZ = 77;36° 

and EZ = 75;12 p where hypotenuse DE = 120 p . 
Similarly, since arc ABG of the eccentre is, by addition [of99;55° + 33;26°], 
133;21°, the angle [subtended by it] at the circumference, 

Z AEG = 133;21°° where 2 right angles = 360°°. 

But Z ADE was found to be 77;36°° in the same units. 

Therefore the remaining angle [in triangle EAD], 

Z EAZ = 149:3°° in the same units. 
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Therefore, in the circle about right-angled triangle AEZ, 
arc EZ = 149;3° 

and EZ = I15;39 p where hypotenuse EA is 120^ 

Therefore where EZ, as was shown, is 75; 12**, and ED is given as 12(f, 

EA = 78;2 P . 

Furthermore, since arc AB of the eccentre is 99;55°, the angle [subtended by it] 
at the circumference, 

Z AEB = 99;55°° where 2 right angles = 360°°. 

Therefore, in the circle about right-angled triangle AE0, 
arc A0 = 99;55° 

and arc E0 = 80;5° (supplement). 

Therefore the corresponding chords 

A0 = 9I;52 P 1 , , 1QnP H364 

and E0 = 77; 12 P J wherC hy P° tenuSe EA = 120’. 

Therefore where AE. as was shown, is 78;2 ? , and DE = I20 p , 

A0 = 59;44 p 
and E0 = 50; 12 P . 

But the whole line EB was shown to be 210;58 p in the same units. 

So. by subtraction. 0B = 160:46 p where A0 = 59;44 p . 

And 0B 2 = 25845;55 
0A 2 = 3568; 4, 

so 0B 2 + 0A 2 = AB' = 29413:59. 

.*• AB = 171:30 p where ED is I20 p and EA is 78:2 P . 
Moreover, where the diameter of the eccentre is 120 p . 

AB = 91 ;52 p (for it subtends an arc of 99;55°). 

Therefore where AB = 91 ;52 p and the diameter of the eccentre is 120 p , 

ED = 64:17 P 
and EA = 41:47 p . 

Therefore arc EA of the eccentre equals 40:45°, 

and the whole arc EABG [= 40:45° + 133:21°] = 174:6°. H365 

Hence EDG ** 119:50 p where the diameter of the eccentre is 120 p . 

Now segment EABG is less than a semi-circle, so the centre of the eccentre 
will fall outside it. Let it, then, be at K [see Fig. 11.2], and draw through K and 
D the diameter through both centres. LKDM. and let the perpendicular from 
K to GE be produced as KXX. 

Then, where diameter LM = 120 15 , 
the whole line EG was shown tc be 119;50 p . and ED to be 64:17 p : 
so, by subtraction. GD = 55;33 p in the same units. 

’ So, since ED.DG = LD.DM, 

LD.DM = 3570;56 p where diameter LM = 120 p . 

But LD.DM + DK 2 = LK 2 (i.e. the square on half the diameter). H366 
Therefore, if we subtract (LD.DM), i.e. 3570;56, from the square on half the 
diameter, i.e. 3600, the remainder will be the square on DK, 
i.e. DK 2 = 29;4. 

Therefore the distance between the centres, DK 5=55 5;23 p2 
where the radius of the eccentre, KL = 60 p . 

2 Because of an accumuiation of rounding errors this should be 5:20 p . 
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Furthermore, since 

GN = ?GE = 59;55 p where diameter LM = 120 p , 
and GD was shown to be 55;33 p in the same units. 

by subtraction, DN = 4;22 p where DK = 5;23 p . 

Therefore where hypotenuse [of right-angled triangle DKN] DK = 120 p , 

DN = 97;20 p , 

and, in the circle about right-angled triangle DKN, 
arc DN = 108:24°. 

. . nKN - i 1-08;24°° where 2 right angles = 360°° 

\ 54; 12° where 4 right angles = 360°. 

And since DKN is an angle at the centre of the eccentre, 
arc MX = 54; 12° also. 

But the whole arc GMX, which is $ arc GXE, equals 87;3°. 

Therefore, by subtraction, the arc from the perigee to the third opposition, 
arc MG = 32; 51° * 

And clearly, since the interval BG is given as 33:26°, 
by subtraction, we find the arc from the second opposition to the perigee, 
arc BM = 0;35°; 3 4 

and since the interval AB is given as 99;55°, 

by subtraction [of (arc AB + arc BM) from 180°], we find the arc from the 
apogee to the first opposition, 

arc LA = 79;30°. 

3 Ptolemy’s accumulation of rounding errors has led to the considerable discrepancy ofl° from 
the accurate result, 32;21°. 

4 The smallness of the corrections for this and the next opposition shows that these oppositions 
have been badly chosen. To display the greatest difference between the simple eccentric and equant 
models, all three oppositions should be near the octants (as they are for Mars). 
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Now if it were this eccentre on which the epicycle centre is carried, the above 
quantities would be sufficiently accurate to use. However, since, according to 
our hypothesis, [the epicycle centre] moves on a different circle, namely the 
circle described with centre at the point bisecting DK and with radius K.L, we 
must once again, as we did for Mars, first calculate the differences which result 
in the apparent intervals [i.e. the arcs of the ecliptic between the oppositions]: 
we must show what the sizes of these differences would be (taking the above 
ratio for the eccentricity as approximately correct), if the epicycle centre were 
carried, not on the second eccentre, but on the first eccentre [i.e. the equant], 
which produces the ecliptic anomaly, i.e. the one drawn on centre K. H368 

Then [see Fig. 11.3] let the eccentre carrying the epicycle centre be LM on 
centre D, and the eccentre of the planet’s mean motion be NX on centre Z, 


N 



M 

Fig. 11.3 


equal to LM. Draw the diameter through the centres, NLM, and take on it the 
centre of the ecliptic E. Let the epicycle centre be situated, first, at A, for the first 
opposition. Draw DA, EA, ZAX and EX, and drop perpendiculars DH and 
E0 from D and E on to AZ produced. 

Then, since the angle of mean motion in longitude, Z NZX, was shown to be 
79;30° where 4 right angles = 360°, the angle vertically opposite to it, 

/ r>7H - 1 79;30° where 2 right angles = 360° 

~ \ 159°° where 2 right angles = 360°°. 

Therefore, in the circle about right-angled triangle DZH, H369 

arc DH = 159° 

and are ZH = 21° (supplement). 
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H370 
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Therefore the corresponding chords 

and ZH = "l-S?} where hypo,enuse DZ = 12QP - 
Therefore where DZ (= jEZ) 2;42 p and the radiusofthe eccentre, DA = 60 p , 

DH = 2;39^ 
and ZH = 0;3(f . 

And since DA 2 - DH 2 = AH 2 , 

AH = 59;56 p in the same units. 

Similarly, since ZH = H0, and E0 = 2DH, 
by addition, A0 = 60;26 p where E0 = 5;18 p , 
and hence hypotenuse [of right-angled triangle AE0] 

AE = 60;40 p in the same units. 

Therefore, where AE = 12(f, EG = 10;29 p , 
and, in the circle about right-angled triangle AE0, 
arc E0« 10:1°. 

•*. Z EA0 = 10;1°° where 2 right angles = 360°°. 
Furthermore, where E0 = 5:18 P , 
the radius of the eccentre, ZX = 60 p and Z0 [= 2ZH] = l p , 

(hence, obviously, by addition, X0 = 61 p ). 

So we lind hypotenuse [of right-angled triangle E0X] EX as61:14 p in the same 

units. 


Therefore, where EX = \2(f, E0 = 10;23 p . 
and, in the circle about right-angled triangle E0X, 
arc E0 - 9;55°. 

*'• Z EX0 = 9; 55°° where 2 right angles = 360°°. 
But we showed that Z EA0 = I0;i°° in the same units. 

Therefore, by subtraction, the angle of the difference in question, 

/ \trv' f 0;6°° where 2 right angles = 360°° 

L— ALX - ] on i 4 i . i 


0;3° where 4 right angles = 360° 

But at the first opposition the planet, viewed along the line EA. had an 
apparent longitude of nt 23; 11°. Thus it is clear that, if the epicycle centre w ere 
carried, not on eccentre LM, but on [eccentre] NX, it would have been at point 
X on that eccentre. and the planet would have appeared along line EX, 
differing by 0:3° [from the actual position], and thus would have had a 
longitude of tt\, 23:14°. 

Let the diagram for the second opposition be drawn, again with a similar 
figure [Fig. 11.4], 3 [with the epicycle centre] depicted as a little in advance of 
the perigee. 

Then, since arc XN of the eccentre was shown [p. 510, arc BM] to be 0:35°, 

0;35° where 4 right angles = 360° 

;10°° where 2 right angles = 360°°. 

Therefore, in the circle about right-angled triangle DZH, 
arc DH = 1;10° 

and arc ZH = 178;50° (supplement). 


Z XZN 


: eccentre 


5 Heiberg's figure (p. 371) is wrong: AH has been connected instead ofAB, and A is misprinted as 
A. Corrected by Manitius. 
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Fig. 11.4 


Therefore the corresponding chords 

DH = 1; 13 P 1 . M 

and ZH« I 9 ^ f wnere hypotenuse DZ = 120 ? . 

Therefore where DZ = 2;42 p and the radius oftheeccentre,DB = 60 ? , 
DH = 

and ZH = 2;42 p . 

And HB = 60 p in the same units (for it is negligibly smaller than hypotenuse [of 
right-angled triangle HBD] BD). 

Furthermore, since 0H = HZ, and E0 = 2DH, 
by subtraction, 0B = 57;18 p where E0 = 0;4 P . 

Hence hypotenuse [of right-angled triangle E0B] EB = 57; 18 p in the same units. 

Therefore, where EB = E0 0;8 P , 
and, in the circle about right-angled triangle BE0, 
arc E0 = 0:8° also. 

•• Z EB0 = 0;8°° where 2 right angles = 360°°. 

In the same way. since we showed that the whole line Z0 [= 2ZH] = 5;24 p 
where the radius of the eccentre, ZX = 60**, 

by subtraction, 0X = 54;36 p where E0 = 0;4 P . 

Hence hypotenuse [of right-angled triangle E0X] EX = 54;36 p in the same units. 

Therefore, where EX = 120 p , E0 OjK^, 
and, in the circle about right-angled triangle E0X, 
arc E0 = 0;10°. 

*'• Z EX0 = 0;10°° where 2 right angles = 360°°, 

J u . . r r / / ocv J 0;2°° in the same units 

and. by subtraction [of Z EB©], Z BEX.- j 0;1 o where 4 rjght angles = 360 o 

Here, then, it is clear that the planet, since its apparent longitude at the 


H372 
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H373 second opposition, when it was viewed along line EB, was X 7; 54°, would, if it 
had been viewed along line EX, have had a longitude of only X 7;53°. 

So let the diagram for the third opposition be drawn, to the rear of the perigee 
[Fig. 11.5]. 6 

Then, since arc NX of the eccentre is given as 32;51°, 



Fig. 11.5 

Therefore, in the circle about right-angled triangle DZH, 
arc DH = 65;42° 

and arc ZH = 114; 18° (supplement). 

Therefore the corresponding chords 

and ZH I where hy P°' CnUse DZ = l2ff - 

Therefore where DZ = 2;42 p and the radius of the eccentre, DG = 60 p , 
H374 DH = l;28 p 

and ZH = 2;16 p . 

And since GD 2 - DH 2 = GH 2 , 

GH^S^. 

Similarly, since 0H = HZ, and E© = 2DH, 
by subtraction, G© = 57;43 p where E© = 2;56 p . 

Hence hypotenuse [of right-angled triangle E©G] EG = 57;47 p in the same units. 
Therefore, where EG = 120 p , E© = 6;5 P , 

6 Heiberg’s figure (p. 373) is wrong: AS has i>een connected instead of Ar, and A is in the wrong 
place and misprinted as A. Corrected by Manitius. 
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and, in the circle about right-angled triangle GE0, 
arc E© ** 5;48°. 

Z EG© = 5;48°° where 2 right angles = 360°°. 

In the same way, since the whole line Z©[= 2ZH] comes to 4;32 p 
where the radius of the eccentre, ZX = 60 p , 

by subtraction, X© = where E© was found to be 2;56 p . 

Hence hypotenuse [of right-angled triangle E©X] EX = 55;33 p in the same units. 

Therefore, where EX = 120**, E© = 6;20 p , 
and, in the circle about right-angled triangle E©X, 
arc E© = 6;2°. 

•* Z EX© = 6;2°° where 2 right angles = 360°°, 

, , , r r j y' i y orv 1 0;14°° in the same units 

and, by subtraction [of Z EG©], Z GEX- j 0;7 o where 4 right ang , es _ 360 <> 

Hence, since the planet at the 3rd opposition, when viewed along line EG, had a 
longitude of °p 14;23°, it is clear that, if it had been on line EX, it would have 
had a longitude of 14; 30°. And we showed that its [corrected] longitudes 
[would have been] 

at the first opposition 23; 14° 
at the second opposition X 7;53°. 

Hence we calculate the apparent intervals [in longitude] of the planet, taken, 
not with respect to the eccentre carrying the epicycle centre, but with respect to 
the eccentre producing the mean motion [i.e. the equant], 7 as 
from first to second oppositions 104*39° 

from second to third oppositions 36;37°. 

Starting from these data, by means of the previously demonstrated theorem we 
find the distance between the centres of the ecliptic and the eccentre producing 
the mean motion of the epicycle as about 

5;30 p where the diameter of the eccentre is 120 p ; 
and, for the arcs of the eccentre, 

from the apogee to the first opposition: 77; 15° 

from the second opposition to the perigee 2;50° 

from the perigee to the third opposition 30;36°. 

The above quantities have been accurately determined by this method, for 
the differences in the intervals [as measured along deferent and equant], when 
calculated from these data, are very nearly the same as the previous set. 8 That is 
[also] clear from the fact that the apparent intervals [in longitude] of the planet 
derived from the ratios we have thus found turn out to be the same as those 
observed; we can show this as follows. 

Once again, let the diagram for the first opposition be drawn [Fig. 11.6], but 
containing only the eccentre carrying the epicycle centre. Then, since 
Z LZA was shown to be 77; 15° where 4 right angles = 360°, 

Z LZA = Z DZH (vertically opposite) = 154;30°° where 2 right angles = 360°°. 
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7 I.e. the apparent intervals which would result if the epicycle were carried, not on the actual 
deferent, but on the equant. Cf. XI 5 p. 529, where this is stated explicitly. Cf. also p. 492. 

8 Indeed, a further iteration produces a change of much less than 0;l p in the eccentricity, and 
about 0;10° in the line of the apsides. 
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Therefore, in the circle about right-angled triangle DZH, 
arc DH = 154;30° 
and arc ZH = 25;30° (supplement). 

Therefore the corresponding chords 

and ZH = 1 26;29'’} where hyP ° tenuSe DZ = l2(f - 
Therefore where ZD = 2;45 p and the radius of the eccentre DA = 60 p , 

DH = 2;41 p 
and ZH = 0;36 p . 

Then, by the same argume nt as in the previous proof, 

AH [= \J AD 2 - DH 2 ] = 59;56 p in the same units, 
and, by addition [of H© = ZH], A0 = 60;32 p where E© (= 2DH) = 5;22 p . 
Therefore hypotenuse [of right-angled triangle AE©] AE comes to 60;46 p in the 
same units. 

Therefore, where AE = 120 p , E© = 10;36 p , 
and, in the circle about right-angled triangle AE©, 
arc E© = 10;8°. 

Z EA© = 10;8°° where 2 right angles = 360°°, 
and, by subtraction [of Z EA© from Z LZA], 

/ T FA - I* 144;22°° in the same units 

72; 11° where 4 right angles = 360°. 

That [72;11°], then, was the distance in the ecliptic 9 of the planet from its 
apogee at the first opposition. 


9 So we must translate tou ^(pStaKOb (i.e. take it closely with [ioipac;) at H377.16, to make any 
sense at all. But its position in the sentence, and redundance, make me suspect it as an interpolation, 
although it is in all branches of the ms. tradition. 
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Z BZM is given as 


(2;f 

L5H 


where hypotenuse DZ = I20 p . 


6CP, 


Again, let the [corresponding] diagram for the second opposition be drawn 
[Fig. 11.7]. [Then.] since 

!;50° where 4 right angles = 360° 

>;40°° where 2 right angles = 360°°, 
in the circle about right-angled triangle DZH, 
arc DH = 5;40° 

and arc ZH = 174;20° (supplement). 

Therefore the corresponding chords 

DH = 5;55 p ] 

and ZH = 119;51 P J 

Therefore where DZ = 2;45 p and the radius of theeccentre,DB s 
DH = 0;8 P 
and ZH 583 2;45 p . 

And. by the same [argument as previously], 

BH ** BCF in the same units, 

and. by subtraction [of H0 = ZH], B0 = 57; 15 P where E© = 0;16 p . 

Hence hypotenuse [of right-angled triangle EBG] EB comes to 57;15 p in the 
same units. 

Therefore, where EB = 120 p , E© = 0;33 p , 
and, in the circle about right-angled triangle BE©, 
arc E© = 0;32°. 

Z EB© = 0;32°° where 2 right angles = 360°°. 

r c tv /f / 6; 12°° in the same units 

And, by addition [of Z BZM], Z BEM = | 3;6 o where 4 right angles = 360 oo. 

Therefore the distance of the planet in advance of the perigee at the second 
opposition was 3;6°. And we showed [p. 516] that at the first opposition it was 
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XII. Verification: Jupiter's 3rd opposition 

72; 11° to the rear of the apogee. 10 Thus the computed apparent interval from 
first to second oppositions is the supplement [of 3;6° + 72;11°], 104;43°, in 
agreement with the interval derived from the observations [p. 507]. 

So let the [corresponding] diagram for the third opposition be drawn [Fig. 
11.8]. [Then,] since 

L MZG was shown to be 

in the circle about right-angled triangle DZH, 
arc DH = 61; 12° 

and arc ZH = 118;48° (supplement). 


f 30;36° where 4 right angles = 360° 
[61;12°° where 2 right angles = 360°°, 



Fig. 11.8 


Therefore the corresponding chords 

DH — SI'S 1 * 1 

and ZH = 103; 17 P J where hypotenuse DZ = l2(f • 
Therefore where DZ = 2;45 p and the radius oftheeccentre,GD = 60 p , 
DH = l;24 p 
and ZH = 2;22 p . 

And, by the same [argument as previously], 

GH = 59;5&, 

H380 and, by subtraction [of H0 = ZH], G© = 57;37 p where E© = 2;48 p . 

Therefore hypotenuse [of right-angled triangle EG©] EG = 57;41 p in the same 
units; 

and hence, where EG = \2(f , E© = 
and, in the circle about right-angled triangle GE©, 
arc E© = 5;34° 

Z EG© = 5;34°° where 2 right angles = 360°°. 

10 Reading ei? rd fexo^eva xou dnoyeiou (with D,Ar) at H379,3 for eu; ta fejtojieva (‘to the rear’). 
Corrected by Manitius. 
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And, by addition [of Z MZG], 

Z MEG = 


66;46°° in the same units 
33;23° where 4 right angles = 360°. 

That [33;23°], then, was the distance of the planet to the rear of the perigee at 
the third opposition. And we showed that at the second opposition its distance 
in advance of the same perigee was 3;6°. Therefore the apparent interval [in 
longitude] from the second to the third oppositions is computed as the sum [of 
the above], 36;29°, once again in agreement with the observed interval [p. 507]. 

It is immediately clear, since the planet at the third opposition had an 
observed longitude of HP 14;23° and, as we showed, was 33;23°to the rear of the 
perigee, that at that moment the perigee of its eccentre had a longitude of 
X 11°, while its apogee was diametrically opposite at HE 11°. 

And if [see Fig. 11.9] 11 we draw the epicycle H0K about centre G, we will 
immediately have: 

L 



L EGZ 


_ J W 

= 12H 
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Fig. 11.9 

the mean position in longitude [counted] from the apogee of the eccentre, L, as 
210;36° (for we have shown that Z MZG = 30,36°); 

and the arc ©K of the epicycle from the perigee 0 to the planet K as 2;47° (for 
we showed that 

•;34°° where 2 right angles = 360°° 

!;47° where 4 right angles = 360°). 
Therefore at the moment of the third opposition , namely in the first year of 
Antoninus, Athyr [III] 20/21 in the Egyptian calendar, 5 hours after midnight, 
the planet Jupiter had the following mean positions: 

in longitude 210,36° from the apogee of the eccentre 

(i.e. its mean longitude was 11;36°) 
in anomaly 182;47° from the apogee of the epicycle, H. 


H382 


11 Heiberg’s figure on p. 38 I*is wrong: he has connected Ar instead of El". Corrected by Manitius. 
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2. {Demonstration of the size of Jupiter's epicycle } 


H383 


H384 


Next, to demonstrate the size of the epicycle, we again took an observation, 
which we obtained by sighting [with the astrolabe], in the second year of 
Antoninus, Mesore [XII] 26/27 in the Egyptian calendar [139 July 10/11], 
before sunrise, i.e. about 5 equinoctial hours after midnight (for the mean 
longitude of the sun was 23 16; 11 °, and the second degree of Aries [i.e. TP l°-2°] 
was culminating according to the astrolabe). At that moment Jupiter, when 
sighted with respect to the bright star in the Hyades, was seen to have a 
longitude of El 15]°, and also had the same apparent longitude as the centre of 
the moon, which lay to the south of it. For that moment 12 we find, by means of 


the [kind of) calculations [previously] explained: 

moon’s mean longitude II 9;0° 

moon’s [mean] anomaly counted from the epicycle apogee 272;5° 

hence its true position El 14:50° 

and its apparent position at Alexandria El 15;45°. 


Thus from these considerations too Jupiter’s longitude was El 154°. 

Furthermore, the time interval from the third opposition to the above 
observation comprises 

1 Egyptian year and 276 days, 
and this interval produces 

in longitude: 53:17° 

and in anomaly: 218;31° 

(for it will make no sensible difference even if this kind of calculation is carried 
out rather crudely); 13 so, if we add the latter to the [mean] positions derived for 
the third opposition, we will get, for the moment of the present observation, [the 
mean positions]: 

in longitude 263;53° from the apogee (which is in approximately the 

same position [as at the third opposition]) 14 
in anomaly 41; 18° from the apogee of the epicycle. 

With the above as data, let the diagram for the similar demonstration in the 
case of Mars [Fig. 10.17] be repeated [Fig. 11.10], [but] with the epicycle in a 
position to the rear of the perigee of the eccentre, and with the planet past the 
apogee of the epicycle, in accordance with the mean positions in longitude and 
anomaly set out here. 

Then, since the mean position in longitude from the apogee of the eccentre is 
263;53°, 


f 83;53° where 4 right angles = 360° 

1167;46°° where 2 right angles = 360°°. 


u These positions were (correctly) computed, not for 5 a.m., but for 4;42 a.m., i.e. the correct 
equation of time with respect to epoch of era Nabonassar has been applied. Cf. p. 499 n.57. 

13 These intervals are correct to the nearest minute if one computes for exactly l y 276°. However, 
for 18 mins, less (cf. n.12) one finds 218;30° for the motion in anomaly. Is it this neglect of the 
equation of time to which Ptolemy refers by "rather crudely’? 

,4 I.e. in less than 2 years the precessiooal motion of the apogee is negligible. 




Fig. 11.10 

Therefore, in the circle about right-angled triangle DZM, 
arc DM = 167;46° 
and arc ZM = 12; 14° (supplement). 

Therefore the corresponding chords 

DM=119;19 P \ , , „ )0rtP 

and ZM = 12;47 P J where h VP otenuse DZ = I2(f. 

Therefore where DZ = 2;45 p and the radius of the eccentre,DB = 60 p , 
DM « 2;44 p 
and ZM = 0;18 p . 

And since DB 2 - DM 2 = MB 2 , 

MB = 59;56 p in the same units. 

Similarly, since ZM = ML and EL = 2DM, 
by subtraction, LB = 59;38 p where EL is computed as 5;28 p . 
Hence hypotenuse [of right-angled triangle LBE] EB = 59;52 p in the same units. 

Therefore, where EB = 120**, EL ** 10:58 p , 
and, in the circle about right-angled triangle BEL, 
arc EL = 10;30°. 

Z EBZ = 10:30°° where 2 right angles = 360°°. 

But Z BZG = 167;46°° in the same units. 

Therefore, by addition, Z BEG = 178;16°° in the same units. 

Furthermore, since the approximate longitude of the perigee G is X 11°, and 
the apparent longitude of the planet, as viewed along line EK, was El 15;45°, 
/ KVr 94;45° where 4 right angles = 360° 

~ \ 189; 30°° where 2 right angles = 360°°. 
And, by subtraction [of Z BEG], Z BEK = 11;14°° in the same units. 
Therefore, in the circle about right-angled triangle BEN, 
arc BN = 11;14° 

and BN = ll;44 p where hypotenuse EB = 120**. 
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XI3. Ancient observation of Jupiter 

Therefore, where EB = 59;52 p , and the radius of the eccentre is 60**, 
BN = 5;5(f. 

Similarly, since arc HK = 41; 18°, 

/ HBK - /41;18° where 4 right angles = 360° 

H386 " f82;36°° where 2 right angles = 360°°. 

But Z EBZ (= Z HB0) = 10;30°° in the same units. 

Therefore, by subtraction, Z ©BK = 72;6°°. 

And we showed that Z KE© = 11; 14°° in the same units. 

Therefore, by subtraction, Z BKN = 60;52°° in the same units. 
Therefore, in the circle about right-angled triangle BKN, 
arc BN = 60;52° 

and BN = 60;47 p where hypotenuse BK = 

Therefore where BN = 5;50 p and the radius of the eccentre is GO* 1 , 
the radius of the epicycle, BK* 8 ll;30 p . 15 

Q.E.D. 


3. {On the correction of the periodic motions of Jupiter} 

Next, to [determine] the periodic motions, we again took one of the precisely 
recorded ancient observations. In this it is declared that in the 45th year of 
the calendar of Dionysius, on Parthenon 10, the planet Jupiter occulted 16 the 
southernmost [of the 2] Aselli at dawn. Now the moment [ of the observation] 
is in the 83rd year from the death of Alexander, Epiphi [XI] 17/18 in the 
Egyptian calendar [-240 Sept. 3/4], dawn. For that time we find the longitude 
H387 of the mean sun as 77g 9;56°. But the star called ‘the southern Asellus’ among 
those surrounding the nebula in Cancer had a longitude, at the time of our 
observation [of it], of 23 11 5° [catalogue XXV 5]. Hence, obviously, its longitude 
at the observ ation in question was [23] 7;33°, since to the 378 years between the 
observations 17 corresponds [a precessional motion ol] 3;47°. Therefore the 
longitude of Jupiter at that moment (since it had occulted the star) was also 23 
7:33°. Similarly, since the apogee was in nfl 11° in our times, it must have had a 
longitude of TTfl 7; 13° at the observation. Hence it is clear that the distance of the 
apparent planet from the then apogee of the eccentre was 300;20°, while the 
distance of the mean sun from that same apogee was 2;43°. 

With the above elements as data, let there again be drawn [Fig, 11.11] a 
diagram similar to that for the [corresponding] demonstration for Mars [Fig. 
10.18], but in this case in accordance with the positions given for the 
observation: [i.e.], have the epicycle, on centre B, positioned before the apogee 
A, and the point L, representing the mean position of the sun, a little after that 


15 There are a series of small miscalculations and rounding errors, which result in a not negligible 
final error (one finds 11 to the nearest minute). No doubt Ptolemy was aiming at a convenient 
round number. 

Ih Literally 'covered 1 (£rt£KdA.u\|/£v). Modern calculations show that Jupiter in fact passed ca. i° 
to the north of 5 Cnc (cf. p. 658), but Ptolemy’s wording is unambiguous here (cf. p. 477 n. 17). 

17 The epoch of the star catalogue is Antoninus 1 = Nabonassar 885. Arid 885-507 = 378. But since 
the observation took place in the 11th month of the Egyptian year, 377 would have been more 
accurate. 
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G 

Fig. 11.11 


same apogee, and hence the point 0, representing the planet, after H, the apogee 
of the epicycle. And, as we always do in similar situations, we join ZBH, DB, B0 
and E0, and drop perpendiculars ZK on to DB, DM and BN on to E0, and DX 
on to NB (produced in this case), which forms the rectangular parallelogram 
DMNX. 

Then Z AE0 contains one revolution in the ecliptic less 300;20°, or 59:40°. 

And Z AEL = 2;43° 


Z LE0 (= Z B0E) = 


Therefore, by addition, 

62;23° where 4 right angles = 360° 
124;46°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle B0N, 
arc BN = 124;46° 

and BN = 106;20 p where hypotenuse B0 = 120 p . 
Therefore where the radius of the epicycle, B0 18 = 11 ;30 p , 

BN = 10;12 p . 

/ •nvr*iv 4 • f 59;40° where 4 right angles = 360° 

Agam, since Z DEM is g.ven as j j 19;2()00 ^ 2 ^ ang , e$ = 36() oo - 

and Z MDE = 60;40°° in the same units (complement), 
in the circle about right-angled triangle DEM 
arc DM = 119;20° 

and DM = 103;34 p where hypotenuse ED = 120 p . 
Therefore where ED = 2;45 p and the radius of the eccentre,DB = 60 p , 
DM = 2;23 p , 
and, by addition, BNX = 12;35 p . 


H388 


H-389 


18 Reading I s ! B0 zk rou icevtpou (with D,Ar) forVj ^ktou jcevrpoo (‘the radius ofthe epicycle’) at 
H389,2-3. 
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Therefore where hypotenuse [of right-angled triangle BDX] BD = 120 p , 

BX = 25;10 P , 

and, in the circle about right-angled triangle BDX, 
arc BX = 24; 14° 

Z BDX = 24; 14°° where 2 right angles = 360°°, 
and, by subtraction [from a right angle], Z BDM = 155;46°° in the same units; 
and, by addition [of Z MDE], Z BDE = 216;26°° in the same units: 
and, again by subtraction [from 2 right angles], Z BDZ = 143;34°° in the same units. 
Therefore, in the circle about right-angled triangle ZDK, 
arc ZK = 143;34° 

and arc DK = 36;26° (supplement). 

H390 Therefore the corresponding chords 

and DK = 37;3 f} where hypotenuse DZ = 120 p . 

Therefore where DZ = 2;45 p and the radius oftheeccentre. DB = 60 p , 
KZ = 2;37 p 
and DK = 0;52 p , 

and. by subtraction [from DB], KB = 59;8 P in the same units. 

Hence hypotenuse [oi' right-angled triangle ZBK] ZB = 59;12 P in the same 

units. 

Therefore, where ZB = 120 p , ZK = 5:18 p , 
and, in the circle about right-angled triangle BZK, 
arc ZK = 5:4°. 

Z ZBD = 5;4°° where 2 right angles = 360°°. 
and. by addition [of Z BDZ], 

Z AZB (which comprises the _ f 148;38°° in the same units 
mean motion in longitude) [ 74; 19° where 4 right angles = 360°. 

And since Z HB© + Z BZG + 180° (i.e. here Z HB© - Z AZB) = Z AEL = 2;43°, 
we find that Z HB© (which comprises the planet's position [in anomaly] from 
the apogee of the epicycle) is 77;2°. 19 

Therefore we have shown that at the moment of the observation in question the 
planet Jupiter had the following mean positions: 

in longitude, from the apogee of the eccentre. 285;41° 

(i.e. its mean longitude was EE 22:54°) 
in anomaly, from the apogee of the epicycle. 77;2°. 

H391 And we had [already] shown that at the moment of the third opposition its 
distance from the apogee of the epicycle was 182:47°. Thus in the interval 
between the two observations, which comprises 

377 Egyptian years and 128 days less approximately 1 hour, 
its motion in anomaly was 

105;45° beyond 345 complete revolutions. 

That is, again, very nearly the same increment in anomaly as one derives from 
the [tables for] mean motions which we constructed. For it was from these very 
same elements that we derived the daily [mean motion in anomaly], by dividing 


19 There are numerous small inaccuracies and rounding errors in the preceding calculations, 
which to some extent cancel each other. Accurate computation gives 77;0° to the nearest minute. 



XI 4. Epoch positions of Jupiter in mean motion 525 

the number of degrees contained in the complete revolutions plus the increment 
by the number of days contained in the time-interval . 20 


4. {On the epoch of Jupiter’s periodic motions] 

Here too again, then, since the interval from the first year of Nabonassar, Thoth 
1 in the Egyptian calendar, noon, to the above-mentioned ancient observation 
is 

506 Egyptian years and approximately 31 64 days, 
and this interval comprises increments of 
258; 13° in longitude 
and 290;58° in anomaly, 

if vve subtract the latter from the respective [mean] positions listed above for the 
observation, we get, for the same moment of epoch as for the other [heavenly 
bodies], for Jupiter: 

mean longitude — 4:41° 

mean anomaly 146;4° from the epicyclic apogee. 

And. by the same [kind of computation as before], 
the apogee of its eccentre will be in Tip 2:9°. ” 


5. [Demonstration of Saturn's eccentricity and [the position oj] its apogee] 

To complete this topic, it remains to demonstrate the anomalies and epochs for 
the theory of the planet Saturn. Once again, as for the other planets, we took, 
first, lor our investigation of [the position ol] the apogee and the eccentricity, 
three opposition situations of the planet, in which it was diametrically opposite 
the sun's mean position. 

[ 1 ] The first of these was observed by us. using the astrolabe instruments, in the 
eleventh year of Hadrian. Pachon [IX] 7 8 in the Egyptian calendar [127 Mar. 
26/27], in the evening, in ^ I; 13°; 

[2] the second, in the seventeenth year of Hadrian, Epiphi [XI] 18 in the 
Egyptian calendar [133 June 3]. We computed the time and place of exact 
opposition from nearby observations as 4 hours after noon on the 18th, in 
t 9;40°; 

[3] we observed the third opposition in the twentieth year of Hadrian, Mesore 
[XII] 24 in the Egyptian calendar [ 136 July 8 ]. As before, we computed the time 
of exact opposition as having occurred precisely at noon on the 24th, and 
computed the place as Vp 14; 14°. 

Of these two intervals, then, that from the first to the second opposition 
comprises 


20 On the actual derivation of the mean motion in anomaly for Jupiter, which remains obscure, 
see Appendix C. 

21 These intervals are precise (to the nearest minute) for an increment of exactly 1 day. 

22 The apogee was in up 7; 13° at the observation (p. 522). In 507* (at the rate of 1° in 100 years) it 
moves about 5:4°. Hence at epoch it was in TO 2;9°. 
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[in time] 6 Egyptian years 70 days 22 hours 

in apparent motion of the planet 68;27°; 

while that from the second to the third opposition comprises 
[in time] 3 Egyptian years 35 days 20 hours 

[in apparent motion] 34;34°. 

And we compute for the mean motion in longitude, using rough figures, 21 
for the first interval: 75;43° 

and for the second interval: 37;52°. 

These intervals [in mean and true longitude] being given, we again 
demonstrate the required [parameters] by means of' the same theorem [as 
before] (as if there were only one eccentre), as follows. 

To avoid repetition, let there be drawn a diagram [Fig. 11.12] like those used 
for the same proof [previously. Figs. 10.8, 11.1]. Then since arc BG of the 
eccentre is given as subtending 34;34° of the ecliptic, the [corresponding] angle 
at the centre of the ecliptic. 


B 



Z BDG (= Z EDH) 


f 34;34° where 4 right angles = 360° 
\ 69;8°° where 2 right angles = 360°° 


Therefore, in the circle about right-angled triangle DEH, 
arc EH = 69;8° 

and EH = 68;5 P where hypotenuse DE = 120*". 
Similarly, since arc BG = 37;52°, the angle at the circumference, 

Z BEG = 37;52°° where 2 right angles = 360°°, 
and, by subtraction [from Z BDG], Z EBH = 31; 16°° in the same units. 
Therefore, in the circle about right-angled triangle EBH, 
arc EH = 3I;16° 

and EH = 32;20 p where hypotenuse BE = 120 p . 

2i Despite Ptolemy’s phrase here, the intervals in mean longitude are accurate to the nearest 
minute according to his own tables. Nor would the equation of time make any difference. 
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Thereiore where EH, as we showed, is 68;5 P , and ED = 120", 

BE = 252;41 p . 

Furthermore, since the whole arc ABG subtends 103; 1° of the ecliptic (the 
sum of' both intervals [in true longitude]), the [corresponding] angle at the 
centre of the ecliptic, 

Z ADG = 103;1° where 4 right angles = 360°. 

Hence the supplementary J 76;59° in the same units 

angle, Z ADE ~ \ 153;58°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle DEZ, 
arc EZ = 153;58° 

and EZ = 116;55 p where hypotenuse DE = 120 p . 
Similarly, since arc ABG of'the eccentre is found by addition [of 75;43° and 
37;52°] as 113;35°, the angle at the circumference, 

Z AEG = 113;35°° where 2 right angles = 360°°. 

But we lound that Z ADE = 153;58°° in the same units. 

Thereiore the remaining angle [in triangle ADE], 

Z ZAE = 92;27°° in the same units. 

Therefore, in the circle about right-angled triangle AEZ, 
arc EZ = 92;27° 

and EZ = 86;39 p where hypotenuse AE = 120 p . 
Therefore where EZ, as we showed, is 116;55 p , and ED = 120" 

EA= 161:55". 

Furthermore, since arc AB of' the eccentre is 75:43°. the angle at the 
circumference 

Z AEB = 75;43°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle AEG, 
arc A0 = 75:43°. 


vhere hypotenuse EA = 120 p . 


and arc E© = 104:17° (supplement). 

Therefore the corresponding chords 
A© = 73:39") 
and E© = 94:45 P J 
Therefore where AE, as we showed, is 161 ;55 p , and DE = 120 p , 

A© = 99;23 p24 
and E© = 127;51 p . 

But we showed that the whole line EB = 252;41 p in the same units. 
Therefore, by subtraction, ©B = 124;50 p where A© = 99;23 p . 

And ©B 2 = 15583:22 
and A© 2 = 9877;3 
and ©B 2 + A© 2 = AB 2 = 25460;25. 

/. AB = 159;34 p where ED = 120 p and EA = 161;55 p . 
And, where the diameter of the eccentre is 120", AB = 73;39" 

(for it subtends an arc of 75;43 Q ). 

Therefore where AB = 73;39" and the diameter of the eccentre is 120", 

ED = 55;23 p 
and EA = 74;43 p . 


24 Reading Ky for \xy (99;43 p ) at H396,10 and 13. k 23\ which is guaranteed by the rest ol Ptolemy’s 
working, is found in Ger. 
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Therefore arc EA of the eccentre = 77; 1° 

and, by addition [of arc ABG], arc EABG = 190;36°, 

and hence, by subtraction [from the circle], arc GE = 169;24°. 

Therefore GDE ** 119:28 p where the diameter of the eccentre is 120 p . 

So [see Fig. 11.13] let the centre of the eccentre be taken inside segment EAG 
(since it is greater than a semi-circle) as point K. Draw through K and D the 
diameter of the eccentre through both centres, LKDM, and let the perpen¬ 
dicular from K on to GE be produced [to meet the circumference] as KNX. 

Then, where the diameter, LM = 120 p , 
the whole line EG was shown to be 119;28 p and ED to be 55:23 p ; 
so, by subtraction, DG = 64;5 P in the same units. 

So, since ED. DG = LD.DM, 

LD.DM = 3549;9 P where diameter LM is 120* 1 . 

But LD.DM + DK 2 = LK 2 (the square on half the diameter). 



Fig. 11.13 

Therefore, if from the square on half the diameter, 3600. we subtract 3549:9, we 
are left with DK 2 as 50:5l p in the same units. 

Therefore the distance between the centres, DK « 7:8 P 
where the diameter of the eccentre is 120 p . 2r> 

Furthermore, since EN (= ?GE) = 59;44 p where diameter LM = 120 p , 
and we showed that ED = 55;23 p in the same units, 

by subtraction, DN = 4;21 p where DK, as we showed, = 7;8 P . 
Therefore where hypotenuse [of right-angled triangle DKN] DK = 120 p , 
DN = 73; 1 l p , 

DG and ED have been computed with only small inaccuracies (I find 64:5,21 and 55;23.39 for 
Ptolemy's 64:5 and 55:23), but the resulting value for the eccentricity, 7;3.33 p . differs significantly 
from Ptolemy's 7;8 P . 



Z DKN 


XI5. Preliminary determination of Saturn's apogee and eccentricity 529 

and, in the circle about right-angled triangle DKN 
arc DN = 75; 10°. 

^ _ f 75; 10°° where 2 right angles = 360°° 

~ L37;35 0 where 4 right angles = 360°. 

And since Z DKN is an angie at the centre of the eccentre, 
arc XM = 37;35°. 26 
But arc GX = \ arc GXE = 84;42°. 

Therefore, by subtraction [of (arc GX + arc XM) from 180°], the arc from the 
apogee to the third opposition, 

arc GL = 57;43°. 

But arc BG is given as 37;52°. 

Therefore, by subtraction, the arc from the apogee to the second opposition, 
arc LB = 19:51°. 

Similarly, bince arc AB is given as 75;43°, 
by subtraction, the arc from the first opposition to the apogee, 
arc AL = 55:52°. 

Now again, since the epicycle centre is carried, not on this eccentre, but on 
that drawn with centre the point bisecting DK and with radius KL, we 
computed in due order, as we did for the other [planets], the differences in the 
apparent intervals [in true longitude] on the ecliptic which result from the 
above ratios (taking them to be approximately correct), if we transfer the 
epicycle's path to the eccentre in question, which produces the ecliptic anomaly 
[i.e. the equant]. 

Thus, let there be drawn [Fig. 11.14] the diagram for the lirst opposition, 
[similar to] the [previous] one in the same demonstration, but drawn in advance 
of the apogee L. Then, since the angle of the mean position in longitude, 

55:52° where 4 right angles = 360° 

111:44°° where 2 right angles = 360°°, 
in the circle about right-angled triangle DZH, 
arc DH = 1U;44° 
and arc ZH = 68:16° (supplement). 

Therefore the corresponding chords 
DH = 99-90 p l 

and ZH = 67:20”/ where h > P otenuse DZ = l2(f - 
Therefore where the distance between the centres, DZ = 3;34 p , 
and the radius of the eccentre, DA = 60 p , 

DH = 2;57 p 
and ZH = 2;0 P . 

And since DA 2 - DH 2 = AH 2 , 

AH = 59;56 p in the same units. 

Similarly, since ZH = 0H, 
and 0E = 2DH, 

by addition, A0 = 61;56 p where E0 = 5;54 p . 


Z NZX (= Z DZH) 


26 The accumulation of small errors again leads to a significant difference between Ptolemy’s 
result and the accurately computed value. 38:1°. 
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Hence hypotenuse [of right-angled triangle 0AE] 

AE = 62; 13 P in the same units. 

Therefore, where hypotenuse AE = 120 p , E© = 11:21 
and. in the circle about right-angled triangle AE0. 

arc E0« 10:51° 

Z EA0 = 10:51 00 where 2 right angles = 360°°. 
Furthermore, where E0 = 5;54 p , 
the radius of the eccentre, ZX = 60 p . and Z0 = 4 P ; 
hence, by addition. 0X, obviously, = 64 p , 

and we get hypotenuse [of right-angled triangle E0X] 

EX as 64;16 p in the same units. 


Therefore, where hypotenuse EX = 120 H , 0E = 11;2 P . 
and, in the circle about right-angled triangle E0X, 
arc 0E = 10;33°. 

Z EX0 = 10;33°° where 2 right angles = 360°°. 
But we showed that Z EA0 = 10;51°° in the same units. 

Therefore, by subtraction, the angle of the required difference, 


Z AEX =: 


0;18°° where 2 right angles = 360°° 
0;9° where 4 right angles = 360°. 


But the planet at the first opposition, when viewed along line AE, had an 


apparent longitude of — 1; 13?. Thus it is clear that if the epicycle centre were 


carried, not on AL, but on NX, it would have been at point X [at the first 


I line! 11:23°, leading to are b© = 10;53°. 
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opposition], and the planet would have been seen along line EX, 9' in advance 
of its [actual] position at A, with a longitude of — 1;4°. 

Again, let there be drawn [Fig. 11.15] the diagram for the second opposition, 
[like that] in the same demonstration [previously], but drawn to the rear of the 
apogee. [Then,] since arc NX of the eccentre was shown to be 19;51°, 

/ NZX - / D7H ( verticall Y _ /19;51° where 4 right angles = 360° 
opposite) \ 39;42°° where 2 right angles = 360°°. 

N 



M 

Fig. 11.15 


Therefore, in the circle about right-angled triangle DZH, 
arc DH = 39;42° 

and arc ZH = 140; 18° (supplement). 

Therefore the corresponding chords 

DH - 40-4S p l 

and ZH = 112;52 p j where hyP otenuse DZ 
Therefore, where DZ = 3;34 p and the radius of the eccentre, DB 
DH = l;13 p 
and ZH = 3;21 p . 

And, since DB 2 - DH 2 = BH 2 , 

BH 55 ® 59;59 p in the same units. 
Similarly, since ZH = H0, and E0 = 2DH, 
by addition, B0 = 63;20 p where E0 = 2;26 p . 

Hence hypotenuse [of right-angled triangle BE0] 
EB = 63;23 p in the same units. 
Therefore where hypotenuse BE = 120 p , E0 = 4;36 p , 


= 120 p . ’ 
= 60 p , 
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H404 


and, in the circle about right-angled triangle BE0, 
arc E0 = 4;24° 

Z EB0 = 4;24°° where 2 right angles = 360°°. 
Likewise, where the radius of the eccentre, XZ = 60 p , 

Z0 is computed as 6;42 p ; 

so, by addition, X0 = 66;42 p where E0 is given as 2;26 p . 

Hence we find hypotenuse [of right-angled triangle E0X] EX as 66;45 p in the 

same units. 


Therefore, where hypotenuse EX = ^CF, E0 = 4;23 p , 
and, in the circle about right-angled triangle E0X, 
arc E0 = 4; 12°. 

Z EX0 = 4;12°° where 2 right angles = 360°°. 
But Z EB0 was shown to be 4;24°° in the same units. 

_ f 0;12°° in the same units 
'1 Of 


Therefore, by subtraction, Z BEX 


0;6° where 4 right angles = 360°°. 


Here too, then, it is clear, since the planet at the second opposition, when 
viewed along EB, had a longitude of $ 9;40°, that if, instead, it were viewed 
along EX, it would have a longitude of $ 9;46°. And we showed that at the first 
opposition it would, on the same hypothesis, have had a longitude of ~ 1;4°. 
Hence it is clear that the interval in apparent [longitude] from the first to the 
second opposition, if it were taken with respect to the eccentre NX, would be 
68:42° of the ecliptic. 

Let the diagram for the third opposition be drawn [Fig. 11.16], with the same 
layout as that set out above for the second. [Then,] since we showed [p. 529] that 
arc NX = 57:43°, 
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where hypotenuse DZ = 120**. 


57;43° where 4 right angles =: 360° 
115;26°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle DZH, 
arc DH = 115;26° 
and arc ZH = 64;34° (supplement). 

Therefore the corresponding chords 

DH = 101;27 p ) 
and ZH = 64;6 P J 
Therefore where DZ = 3;34 p and the radius of the eccentre,DG = 60 p , 
DH = 3;l p 
and ZH = l;54 p . 

Again, since DG 2 - DH 2 = GH 2 , 

GH = 59;56 p in the same units. 

Similarly, since ZH = 0H, and E0 = 2DH, 

by addition, G0 = 6i;50 p where E0 is computed as 6;2 P ; 
Hence hypotenuse [of right-angled triangle GE0] 

EG = 62;3 P in the same units. 

Therefore, where hypotenuse GE = 120**, E0 = ll;39 p , 
and, in the circle about right-angled triangle GE0, 
arc E0 2=55 11;9°. 

Z EG0 = ll:9°° where 2 right angles = 360°°. 
Similarly, where the radius of the eccentre, XZ = 60**, 

Z0 is computed as 3:48 p : 

so, by addition, X0 = 63;48 p where E0 was found to be 6;2 P . 
Hence hypotenuse [of right-angled triangle E0X] 

EX = 64;5 P in the same units. 

Therefore, where hypotenuse EX = 120 15 , E0 = 11; 18 P , 
and. in the circle about right-angled triangle E0X. 

arc E0 = 10:49° 

*. Z EX0 = 10;49°° where 2 right angles = 360°°. 

But we showed that Z EG0 = 11;9°° in the same units. 

f . u /pcv I 0:20°° in the same units 

Therefore, bv subtraction, Z GEX n ino u , . , . i nano 

* L0:10° where 4 right angles = 360°. 

Hence, since the planet at the third opposition, when viewed along line EG, had 

a longitude of 10° 14:14°, it is clear that, if it had been on line EX, it would have 

had a longitude of 14;24°, and the interval from the second opposition to the 

third in apparent [longitude], taken with respect to eccentre NX. would have 

been [10> 14;24° - f 9;46° =] 34;38°. 

Starting from these intervals, then, we follow through the same theorem, and 
find the distance between the centres of the ecliptic and the eccentre which 
produces the uniform motion of the epicycle (i.e. the distance equal to EZ 
[in Fig. 11.16]) as about 6;50 p where the diameter of the eccentre is 120 p , and 
[the following values] for the arcs of that same eccentre: 

from the first opposition to the apogee 57;5° 

from the apogee to the second opposition 18;38° 

from the apogee to the third opposition 56;30°. 

Here again, the above quantities have been accurately derived by this 
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method; for the differences in the ecliptic arcs computed from these arcs are 
very nearly the same as the previous set, 28 and the apparent intervals [in 
longitude] of the planet are found to be in agreement with those observed, as we 
shall show by a procedure similar [to the preceding ones for Jupiter and Mars]. 

Let the diagram for the first opposition be drawn [Fig. 11.17], with only the 
eccentre carrying the epicycle centre. Then since the angle subtending 57;5° of 
the eccentre [i.e. equant], 

Z AZL = 57;5° where 4 right angles = 360°, 
and Z AZL = Z DZH (vertically opposite) = 114;10°° where 2 right angles 

= 360°°, 
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where hypotenuse DZ = 120 p . 
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in the circle about right-angled triangle DZH, 
arc DH = 114;io° 
and arc ZH = 65;50° (supplement). 

Therefore the corresponding chords 

DH = 100;44 p l 
and ZH » 65;13 P J 
Therefore where the distance between the centres, DZ = 3;25 p , 
and the radius of the eccentre, DA = Stf 5 , 

DH = 2;52 p 
and ZH = l;51 p . 

Furthermore, since AD 2 - DH 2 = AH 2 , 

AH =; 59;56 p in the same units. 

Similarly, since ZH = H@, and E0 = 2DH, 


28 Indeed, with one more iteration, one finds corrections of 0;9,28°, 0;5,36° and 0;9,40° (compare 
Ptolemy’s 9', 6' and 10'), and a result for the eccentricity and apogee agreeing very closely with that 
adopted by Ptolemy. 
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by addition, A0 = 61;47 p where E0 is computed as 5;44 p , 
Hence hypotenuse [of right-angled triangle AE0] 

AE = 62;3 P in the same units. 

Therefore, where hypotenuse AE = 120 p , E0 = 11;5 P , 
and, in the circle about right-angled triangle AE0, 
arc E0 = 10;36°. 

Z EAZ = 10;36°° where 2 right angles = 360°°. 

But Z AZL was given as 114;10°° in the same units. 

r , , / A „r f 103;34°° in the same units 

1 herelore, by subtraction, Z ALL = S ct Ano , A . . , 

7 * L 51;47° where 4 right angles = 360°. 

That [51;47°], then, was the amount by which the planet was in advance of the 

apogee at the first opposition. 

Again, let the diagram for the second opposition be drawn in the same 
manner [Fig. 11.18], [Then,] since 



Fig. 11.18 


Z BZL was shown to be 18;38° where 4 right angles = 360°, 
and Z BZL = Z DZH (vertically opposite) = 37;I 6 00 where 2 right angles H409 

= 360°, 

in the circle about right-angled triangle DZH, 
arc DH = 37; 16° 

and arc ZH = 142;44° (supplement). 

Therefore the corresponding chords 

and ZH = lS} Where hyP ° tenUSe ° Z = 12 ° P - 
So where DZ = 3;25 p and the radius oftheeccentre,DB = 60 p , 

DH = 

and ZH = 3;14>\ 


H410 


H411 
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And since DB 2 - DH 2 = BH 2 , 

BH = 59; 59** in the same units. 

Similarly, since ZH = H0, and E0 = 2DH, 

by addition, B0 = 63;13 p where E0 is computed as 2;10 p . 

Hence hypotenuse [of right-angled triangle BE0] 

EB = 63;15 p in the same units. 

Therefore, where hypotenuse EB = 120**, 0E = 4;7 P , 
and, in the circle about right-angled triangle BE0, 
arc 0E = 3;56°. 

Z EBZ = 3;56°° where 2 right angles = 360°°. 

But Z BZL was given as 37; 16°° in the same units. 

r L I . . 7 nr T f 33;20°° in the same units 

. ’ ^ " [16;40° where 4 right angles = 360°. 

Therefore at the second opposition the apparent position of the planet was 
16;40° to the rear of the apogee. And we showed that at the first opposition it 
was 51;47° in advance of the same apogee. Therefore the interval in apparent 
[longitude] from the first opposition to the second is computed as the sum of the 
above amounts, 68;27°, in agreement with the distance found from the 
observations [p. 526]. 

Now let the diagram for the third opposition be drawn [Fig. 11.19]. [Then,] 
since 


Z GZL was shown to be 56;30° where 4 right angles = 360°, 
and Z GZL = Z DZH (vertically opposite) = 113:0°° where 2 right angles 

= 360°°, 

in the circle about right-angled triangle DZH, 
arc DH = 113° 

and arc ZH = 67° (supplement). 


L 



Fig. 11.19 
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Therefore the corresponding chords 

DH = 100;4 P 1 , , 1QnP 

and ZH = 66; 14-1 where hyP ° tenuse DZ = l2(f ' 

Therefore, where DZ = 3;25 p , and the radius of the eccentre, DG = 60**, 

DH = 2:5 l p 
and ZH = l;53 p . 

Again, since DO 2 - DH 2 = GH 2 , 

GH = 59;56 p in the same units. 

Similarly, since ZH = H0, and E0 = 2DH, 

by addition, G0 = 61549** where E0 is computed as 5;42 p ; 
hence hypotenuse [of right-angled triangle GE0] 

EG = 62;5 P in the same units. 

Therefore, where hypotenuse GE = 120°, E0 = ll;l p ,** 
and, in the circle about right-angled triangle GE0, 
arc E0 = 10;32° 

Z EGG = 10;32°° where 2 right angles = 360°°. 

But Z GZL was given i0 as 113°° in the same units. H412 

Therefore, bv subtraction, Z GEL =\ 102;28 °° in the same units 

[ 51; 14° where 4 right angles = 360°. 

That [51;14°], then, is the amount by which the planet was to the rear of the 
apogee at the third opposition. And we showed that at the second opposition it 
was 16;40° to the rear of the same apogee. So the distance in apparent 
[longitude] from the second opposition to the third is computed as the difference 
[between 51; 14° and 16:40°], 34;34°, which is, again, in agreement with that 
derived from the observations [p. 526]. 

It is immediately clear, since the planet at the third opposition had a 
longitude of 10“ 14; 14°, and was shown to be 51; 14° to the rear of the apogee, 
that the apogee of its eccentre had at that moment a longitude of lit 23°, while 
its perigee was diametrically opposite at y 23°. 

In the same way [as before], if we draw [Fig. 11.20] the epicycle H0 about 
centre G, we immediately get the mean position of the epicycle in longitude 
from the apogee of the eccentre as 56;30° (as demonstrated [p. 533]), and arc 
0K of the epicycle as 5; 16° (forZ EGZ was shown [above] to be 10;32°° where 2 H413 

right angles equal 360°°). Therefore, by subtraction [from 180°], 

arc H0, the arc from the apogee of the epicycle to the planet, is 174;44°. 
Therefore at the moment of the third opposition, namely in the twentieth year 
of Hadrian, Mesore 24 in the Egyptian calendar, at noon, the planet Saturn 
had the following mean positions: 

in longitude: 56; 30° from the apogee of the eccentre 

(i.e. its [mean] longitude was 1#> 19;30°); 
in anomalv: 174;44° from the apogee of the epicycle. 

Q.E.D. 


29 Reading ia a (with Ar) for ta i (11 ;10 p ) at H41I,22. The reading is confirmed by the 
surrounding computations. 

30 Reading U7tEK£txo, with D, for OndKEiiai (‘is given’) at H412,l. 
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H 


M 

Fig. 11.20 

H414 6. [Demonstration of the size of Saturn's epicycle] 

Next, once again, in order to demonstrate the size of the epicycle, vve took an 
observation which vve made in the second year of Antoninus, Mechir [VI] 6/7 
in the Egyptian calendar [138 Dec. 22/23], It was 4 equinoctial hours before 
midnight, for according to the astrolabe the last degree of Aries was 
culminating, while the longitude of the mean sun was f 28;41°. At that 
moment the planet Saturn, sighted with respect to the bright star in the Hyades 
[catalogue XXIII 14], was seen to have a longitude of~ 9y?°, and was about 5° 
to the rear of the centre of the moon (for that was its distance from the moon’s 
northern horn). Now at that moment the moon’s positions were as follows: 
mean longitude ~ 8;55° 

anomaly 174; 15° from the apogee of the epicycle 

hence its true longitude must have been ~ 9;40° 

H415 and its apparent longitude at Alexandria ~ 8;34°. n 

Thus from these considerations too the planet Saturn must have had a 
longitude of ~ 9u?° (since it was about j° to the rear of the moon’s centre). 

J1 It is far from clear for what moment these amounts are computed. The equation of time with 
respect to epoch is about - 13i minutes, and indeed the mean positions seem to be computed for 7;50 
p.m. rather than 8 p.m.; but then Ptolemy’s true longitude is much too big. I find: 



for 7;50 p.m. 

for 8 p.m. 

Ptolemy 


308;52° 

308,58° 

308;55° 

ad 

174;15° 

174;20° 

174; 15° 

*<[ 

309;29° 

309,35° 

309; 40°. 


Since the moon was almost on the horizon, the parallax was large: from Ptolemy’s tables I find a 
longitudinal parallax of about - ll° (-1;6° text), leading to a discrepancy of about f° in the final 
result. 
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And its distance from the apogee of the eccentre (which was [in] the same 
[position as at the third opposition], since its shift over so short an interval is 
negligible), was 76;4°. 

Now the interval from the third opposition to this observation is 
2 Egyptian years 167 days 8 hours. 

And the [meanj motions of Saturn over this interval, calculated roughly, 32 are 
in longitude: 30;3° 

in anomaly: 134;24°. 

If we add the latter to the positions at the third opposition as found above 
[p. 537], we get, for the moment of the observation in question: 
in [mean] longitude 86;33° from the apogee of the eccentre 

in anomaly 309;8° from the apogee of the epicycle. 

With the above as data, let us again draw the diagram [Fig. 11.21] as in the 
similar proof [for Mars and Jupiter, Figs. 10.17 and 11.10], but with the 
epicycle situated to the rear of the apogee of the eccentre, and the planet in 
advance of the apogee of the epicycle, in accordance with their given positions. 
[Then,] since 



/ A7R /_ / 07Vf\ - I 86:33 ° where 4 ri S ht angles = 360° (given) 
^ ^ ^ A ' “ \ 173:6°° where 2 right angles = 360°°, 

in the circle about right-angled triangle DZM, 
arc DM = 173:6° 

and arc ZM = 6;54° (supplement). 

Therefore the corresponding chords 

and ZM = * ^ Where hyP ° tenUSe DZ = 120P - ' 

32 These agree, to the nearest minute, with those found from the tables. Cl*, p. 526 n.23. 


1 


H4I6 



H417 


H418 


H419 
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Therefore, where the distance between the centres, DZ = 3;25 p , 
and the radius of the eccentre, DB = 60**, 

DM«3;25 K 
and ZM = 0; 12 P . 

And since DB 2 - DM 2 = BM 2 , 

BM = 59;54 p in the same units. 

Similarly, since ZM = ML, and EL = 2DM, 

by addition, BL = 60:6 P where EL is computed as 6;50 p . 

Hence hypotenuse [of right-angled triangle BEL] 

EB = 60;29 p in the same units. 

Therefore, where hypotenuse EB = 120^ EL = 13;33 p , 
and, in the circle about right-angled triangle BEL, 
arc EL = 12;58° 

••• Z EBZ = 12;58°° where 2 right angles = 360°°. 

But Z AZB was given 33 as 173:6°° in the same units. 

Therefore, by subtraction, Z AEB = 160:8°° in the same units. 

But the angle representing the apparent distance of the planet from the apogee, 

, T 76;4° where 4 right angles = 360° 

Z AEK was given as i ._ n OOQ , 

[ 152;8 where 2 right angles = 360 . 

Therefore, by subtraction, Z KEB = 8:0°° in the same units. 

Therefore, in the circle about right-angled triangle BEN, 

arc BN = 8° 

and BN = 8:22 p where hypotenuse EB = 120^ 

Therefore, where EB = 60;29 p , and the radius of the eccentre is 60 p , 

BN = 4;13 p . 

Furthermore, since the distance of the planet from H, the apogee of the 
epicycle, was 309;8°, 

by subtraction [from 360°], arc HK = 50;52°. 

jr _ f 50;52° where 4 right angles = 360° 

\ 101:44°° where 2 right angles = 360°°. 

But we found that Z EBZ (= Z HB0) = 12:58°°. 

Therefore, by subtraction, Z 0BK = 88:46°° where Z KEB was shown to be 8° 
Therefore, by subtraction, Z BKN = 80;46°° in the same units. 

Therefore, in the circle about right-angled triangle BKN, 
arc BN = 80:46° 

and BN = 77;45 p where hypotenuse BK = 120 p . 

Therefore, where BN was found as 4;13 p , and the radius of the eccentre is 60 p , 
the radius of the epicycle, BK 33 6! p . 

Thus we have computed the lollowing: 

round about the beginning of the reign of Antoninus the longitude of Saturn’s 
apogee was nv 23°; 

where the radius of the eccentre carrying the epicycle is 60 p , 

the distance between the centres of the ecliptic and the eccentre which produces 

the uniform motion is 6;50 p , 

and the radius of the epicycle is 6:30 p . 

Q.E.D. 

Reading UTtEKeno (with D) for {moKEuat (‘is given’) at H417.13. 


Z HBK 
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7. [On the correction of Saturn's periodic motions] 

It remains to demonstrate the correction of the periodic motions. For this 
purpose we again selected one of the accurately recorded ancient observations. 

In this it is declared that in the 82nd year in the Ghaldaean calendar, 
Xanthikos 5, in the evening, the planet Saturn was 2 digits [i.e. 10 minutes] 
below [the star on] the southern shoulder of Virgo. 34 Now that moment is in the 
519th year from Nabonassar, Tybi [V] 14 in the Egyptian calendar [-228 
Mar. 1], evening, at which time we find the longitude of the mean sun as 
>£ 6; 10°. But the fixed star on the southern shoulder of Virgo had a longitude at 
the time of our observation of Ti$ 136°; 35 thus at the moment of the observation H420 
in question, since to the intervening 366 years corresponds a motion of the fixed 
stars of about 3!°, its longitude was, obviously, tt£ 9j°. And the planet Saturn 
had the same longitude, since it was 2 digits to the south of the fixed star. By the 
same argument, since we showed that in our time its apogee was at TT \ 23°, at 
the observation in question it must have had a longitude ofTT^ 193°. From this 
we conclude that at the above moment the apparent distance of the planet from 
the then apogee was 290; 10° of the ecliptic, while the mean sun was 106;50° 
from the same apogee. 

With the above ajs data, let there be drawn [Fig. 11.22] the diagram as for the 
same demonstration [for Mars and Jupiter, Figs. 10.18 and 11.11], [but] with 
the epicycle located in advance of the apogee of the eccentre, and the [mean] 
sun in advance of the perigee, with the radius from the epicycle centre to the 



34 This is clearly a Babylonian observation: see Introduction p. 13. On the ‘digit’ see p. 322 n.5. 
The star in question, y Vir, is one of the Babylonian ‘normal stars’ (cf. p. 453 n.70). 

35 Catalogue no. XXVII 7. 


H42I 


H422 


H423 


342 XI 7. Geometrical determination of anomaly from observation 


ZAEL is given as ^ 


planet drawn paraiiei to [the line indicating] the sun’s position. Then, since the 
apparent position of Saturn was in advance of the apogee by 69;50° (the 
difference [of' 290; 10°] from one revolution), the angle at the centre of the 
ecliptic, 

/ aFO - / 69;50° where 4 right angles = 360° 

= 1139;40°° where 2 right angles = 360°°. 

And the angle of the sun’s distance [from the apogee], 

f 106;50° where 4 right angles = 360° 
S \213;40°° where 2 right angles = 360°°. 
Therelore, by addition, Z 0EL (= Z B0E, since B0 is parallel to EL), 
is 353;20°° where 2 right angles = 360°°, 

and, by subtraction [of Z B0E from 2 right angles] 

Z B0N = 6;40°° in the same units. 

Therefore, in the circle about right-angled triangle B0N, 
arc BN = 6;40° 

and BN = 6;58 p where hypotenuse B0 = 120 p . 
Therefore where the radius of the epicycle, B0 = 6;30 p , 

BN = 0;23 p . 


Similarly, since Z AE0 = 139;40°° where 2 right angles = 360°° 

and Z EDM = 40;20°° in the same units [complement], 
in the circle about right-angled triangle DEM, 
arc DM = I39;40° 

and DM = 112;39 p where hypotenuse ED = 120**. 
Therelore, where the distance between the centres, ED = 3;25 p , 
and the radius of the eccentre. DB = 60 p , 

DM (= XN) = 3; 12 P , 

and, by addition, BNX = 3;35 p where hypotenuse [ol' right-angled 

triangle BDX] DB = 60 p . 
Therefore, where DB = 120", BX = 7;10 p , 
and, in the circle about right-angled triangle BDX, 
arc BX = 6;52° 

Z BDX = 6;52°° where 2 right angles = 360°° 
and, by subtraction [from a right angle], 

Z BDM = 173;8°° in the same units. 

And, by addition [of Z EDM], Z BDE = 213;28°° in the same units, 
and, by subtraction [from 2 right angles], 

Z BDA = 146;32°° in the same units. 

Therefore, in the circle about right-angled triangle DZK, 
arc ZK = 146;32° 

and arc DK = 33;28° (supplement). 

Therefore the corresponding chords 

ZK = 114*55 p l 

and DK - 34’33 P J w ^ ere hypotenuse DZ = \20 p . 

Therefore, where the distance between the centres , DZ = 3;25 p , 
and the radius of the eccentre, DB = 60 p , 

ZK = 3; 17 P 
and DK = 0;59 p , 
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and, by subtraction [from DB], KB = 59;l p where ZK = 3;17 p . 

Hence hypotenuse [of right-angled triangle BZK] 

ZB = 59;6 P in the same units. 

Therelore, where hypotenuse ZB = 120 p , ZK = 6;40 p , 
and, in the circle about right-angled triangle BZK, 
arc ZK = 6;22°. 

Z ZBK = 6;22°° where 2 right angles = 360°°. 

But we found that Z ADB = 146;32°° in the same units. 

Therefore, by addition, the angle representing the mean position in longitude, 

/ A7R 1 152;54°° in the same units 
Z AZB = | 76;2?0 where 4 Hght angles _ 360O 

Therefore at the moment of the above observation Saturn’s distance from the 
apogee in mean longitudinal motion was 283;33°, i.e. its [mean] longitude was 
[Til 19;20° + 283;33° =] it* 2;53°. 

And since the sun’s mean position is given as 106; 50°, if we add the 360° of one 
revolution to the latter and from the resulting 466;50° subtract the 283;33° of H424 
the longitude [from apogee], we get, for the anomaly at that moment, 

183; 17° from the apogee of the epicycle. 36 
So, since we have shown that at the moment of the above observation, which is 
in the 519th year from Nabonassar. Tybi [V] 14, 3/ in the evening, [Saturn] was 
183; 17° [in anomaly] from the apogee of the epicycle, and at the moment of the 
third opposition, which was in the 883rd year from Nabonassar, Mesore [XII] 

24, noon, it was 174;44°, it is clear that in the interval between the observations, 
which comprises 

364 Egyptian years and 2194 days, 
the planet Saturn has moved 

351;27° (beyond 351 complete revolutions in anomaly). 

That is again almost the same increment as one derives from the [tables for] 
mean motions which we constructed. For it was from these very same elements 
that we derived the daily mean motion [in anomaly], by dividing the total in 
degrees computed from the number of complete revolutions plus the increment H425 
by the total in days computed from the time [interval]. 38 


8. {On the epoch of Saturn's periodic motions] 

Now since the time interval from the first year of Nabonassar, Thoth 1, noon, to 
the above ancient observation is 
518 Egyptian years 133i days, 
and this interval comprises increments of 
216; 10° in longitude 39 


36 Accurate computation gives 183; 16° to the nearest minute. 

37 Reading t5' for 5' (4) at H424,6. The latter is found as the reading of the first hand in D, but is 
probably a misprint in Heiberg’s text. Corrected by Manitius. 

38 On the actual derivation of Saturn’s mean motion in anomaly see Appendix C. 

39 Reading mqi (with GD\ Ar) form<;0 (216;9°), which is Heiberg’s correction (most Greek mss. 
have 216° or 216;0°). Heiberg was no doubt influenced by the fact that the mean motion,according 
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and 149; 15° in anomaly, 

if we subtract the latter from the [respective] positions at the observation, we 
get, for the same moment of epoch, the mean position of the planet Saturn as 
in longitude: 26;43° 

in anomaly: 34;2° from the apogee of the epicycle. 

By the same computation [as before], we find the apogee of its eccentre in 
TTl 14; 10°. 40 

Q.E.D. 


H426 9. {How the true positions can be found geometrically from the periodic motions } 

Furthermore, conversely, given the arcs of the periodic [motions] on the 
eccentre which produces the uniform motion [i.e. the equant] and on the 
epicycle, one can readily obtain the apparent positions of the planets 
geometricallv, as will become clear to us through the same [diagrams as above, 
e.g. Fig. 11.21 j. 

For [see Fig. 11.23], in the simplified diagram containing [only] the eccentre 
and epicycle, we join ZB© and EBH. Then, if we are given the mean position in 
longitude, i.e. Z AZB, from what we proved previously, Z AEB will be given 
H427 according to both hypotheses, 41 and so will Z EBZ, (which is the same as 


A 



to Ptolemy’s table, is only 216;8,27°. But 216,10° is confirmed by the reading 26;43° below (in which 
all mss. agree here and in IX 4: Heiberg’s correction to 26;44° must be rejected), and we must admit 
that Ptolemy made a small computing error. Cf. HAMA 182 n.15. 

40 The apogee was in n\, J9;20° at the observation (p. 541). In 518f v the movement in precession is 
5;11°. Ptolemy, through inaccuracy or rounding, found 5; 10°. The latter subtracted from 19;20° 
gives his result. 

41 1 presume that by ‘both hypotheses’ Ptolemy means the simple eccentric model and the full, 
equant model. A possible alternative would be eccentric and epicyclic models, but since these are 
not discussed (for the planets) until Bk. XII, this seems unlikely. 
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Z HB0), and also the ratio ofiine EB to the radius of the epicycle. And if we also 
suppose that the planet is located on the epicycle, e.g. at point K, and, when EK 
and BK are joined, arc 0K is given, then, if instead of dropping the 
perpendicular from the epicycle centre B on to EK (as in the converse proof), we 
drop the perpendicular (here KL) from the planet K on to EB, thenZ HBK will 
be given by addition [of the given anglesZ 0BK, Z HB0], and hence the ratio of 
KL and LB to BK and also, obviously, [their ratio] to EB. 42 Accordingly, the 
ratio of the whole line EBL to LK will be given. 43 Hence Z LEK will be given, 
and we will have computed the angle AEK which comprises* the apparent 
distance of the planet from the apogee. 


10. {Method of constructing tables for the anomalies } 44 

However, to avoid always computing the apparent positions geometrically (for 
although that method is the only one which provides a fully accurate solution to 
the problem, it is too cumbersome to be convenient for [astronomical] H428 
investigations), we have constructed for each of the five planets a table which is 
as easy to use as we could devise, while at the same time being very close to full 
accuracy. [Each table] contains the individually determined anomalies of the 
planets, so that we can use them as a ready means of computing any particular 
apparent position, once we are given the periodic motions from the respective 
apogees. 

We have again arranged each of the tables in 45 lines for the sake of 
symmetry, and we have arranged each in 8 columns. The first 2 columns will 
contain the numbers of the mean positions arranged as for the sun and moon 
[III 6 and V 8]: in the first column the 180 degrees beginning from the apogee, 
from the top down, and in the second the remaining 180 degrees of the [other] 
semi-circle, from the bottom up, in such a way that the number ‘180* is in the 
last line in both columns, and the increment in the numbers is 6° in the top 45 15 
lines, but 3° in the 30 lines remaining below (for the differences between 
[successive] values for the anomalies remain almost constant for longer stretches 
near the apogee, whereas they change faster near the perigee). As for the next H429 
two columns, the third will contain the equations corresponding to the mean 
position in longitude (each to the arguments on the same line), computed for the 
greater eccentricity, 46 but under the simplifying assumption that the centre of 
the epicycle is carried on the eccentre which produces the mean motion [i.e. the 
equant]. The fourth column will contain the corrections to the equations due to 
the fact that the epicycle centre is carried, not on the above circle, but on 
another. The method by which each of these quantities [the equation and its 
correction], both in combination and separately, can be found geometrically has 


42 Euclid, Data Props. 40 and 8. 

43 Euclid, Data Props. 6 and 8. 

44 See HAMA 183-6, Pedersen 291-4. 

45 Reading fivcofiev (with D,Is) for fivtuScv ftpcoicov (‘first top’) at H428,18. 

44 I.e. the equations of center computed for the double eccentricity (ZE in Fig. 11.23, where the 
equation is L ZBE). 
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already been made plain by numerous preceding theorems. 47 In this place, 
since this is a [scientific] treatise, it was appropriate to display this way of 
separating the zodiacal anomaly, and hence to tabulate it in two columns. 
However, for actual use, a single column formed by combining these two will 
suffice. 48 

Each of the next three columns will contain the equations due to the epicycle. 
These, again, are computed under a simplifying assumption, [namely] that the 
apogee or perigee of the epicycle is viewed along the line from the observer [to 
H430 the epicycle centre]. 49 The way in which this kind of demonstration is 
performed has also been made plain by the previous theorems. The midmost of 
these three columns (which is the sixth from the beginning) will contain the 
equations computed for the ratio [of epicycle radius to distance of epicycle 
centre] at mean distance; the fifth will contain, [for each argument], the 
difference between the equation at greatest distance [of the epicycle] and the 
equation for the same argument at mean distance; the seventh will contain the 
differences between the equations at least distance and the [corresponding] 
equations at mean distance. For we have shown that for the following epicycle 
sizes (from now on it would be best to list [the planets] in order from the 
outermost): 

Saturn Jupiter Mars Venus Mercury 

6;30 p 11 ;30 p 39;30 p 43;10 p 22;30 p ,‘ 

the mean distance, i.e. the distance [equivalent] to the radius of the eccentre 
which carries the epicycle, is 60 p in all cases; and the greatest distances (with 
respect to the centre of the ecliptic), are: 

Saturn Jupiter Mars Venus Mercury 

H431 63;25 p 62;45 p 66 p 61;15 p 69*\ 

The least distances (defined similarly) are: 

Saturn Jupiter Mars Venus Mercury 

56;35 p 57;15 p 54 p 58;45 p 55;34 p . 5 ° 

As for the remaining, eighth column, we provided it in order that one may find 
the applicable fraction of the above differences [in cols. 5 and 7] when the 
planet’s epicycle is not exactly at mean, greatest or least distance, but in an 
intermediate position. The computation of this correction is based only on the 
maximum equation ([i.e.] that formed by the tangent from the observer to the 
epicycle) at each intermediate distance; for the [fraction] of the difference to be 
applied for any particular position [of the planet] on the epicycle is not 
significantly different from that for the greatest equation. 

But in order to make our meaning clearer, and to explain the actual method 
of computing the [fractions] to be applied, let us draw [see Fig. 11.24] the line 

47 E.g. XI 5 pp. 529-37 and XI 9. 

48 The didactic purpose of the Almagest is made explicit here, ‘[scientific] treatise’ is my 
translation ofouvraiju;. For this meaning, which is typical of Hellenistic prose, but seems not to be 
classical, see LSJ s.v. 3. In the Handy Tables Ptolemy does indeed combine the two columns into one, 
and that is the pattern of all subsequent ancient and mediaeval astronomical tables. 

49 I.e. the equation of anomaly is computed as a function, not of the mean anomaly, but of the 
true, that is as counted from the true apogee of the epicycle. 

50 For this value for the least distance of the centre of the epicycle for Mercury see IX 9 p. 460 with 
n.89. 
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through both centres (the centre of the ecliptic and the centre of the eccentre 
producing the uniform motion of the epicycle), ABGD. Let the centre of the 
ecliptic be taken at G, and the centre of the epicycle’s uniform motion [i.e. the 
equant point] at B. Produce line BEZ, describe the epicycle ZH about centre E, 
and draw the tangent to it from G, line GH. Join GE and perpendicular EH, 
and let us suppose, exempli gratia , that for each of the five planets the epicycle 
centre is 30° from the apogee of the eccentre in mean motion. 



Then (to avoid lengthening the computation by demonstrating the same 
thing over and over again), we have demonstrated at length in what preceded, 
both in the hypothesis for Mercury and in that for the other planets/ 1 that if 
Z ABE is given, the ratio of GE to the radius of the epicycle (HE) is also given. 
Hence, by means of the computations for each particular planet, withZ ABE 
taken as 30°, this ratio comes to: 

for Saturn Jupiter Mars Venus Mercury 

63;2:6;30 62;26 : U;30 65;24 : 39;30 61;6 52 : 43; ID 66;35: 22;30. 

Thus we will get for Z EGH, which comprises the maximum epicyclic equation 
at that point, 

for Saturn Jupiter Mars Venus Mercury 

5;55i° 10;36l° 37;9° 44;5fil 0 19;45°. 

And we compute the greatest equations at the mean distance, according to the 
ratios set out just above, as (to avoid repetition, we [simply list them] in an order 
corresponding to the above order of the planets): 

b;13° 11;3° 41 ;10° 46;0° 22;2°; 

51 Mercury, IX 9 pp. 457-60; other planets, X 2, X 8, XI 2, XI 6. 

52 Reading E ,a q (with AD,Ar) for qa k<; (61;26) at H433,4. At H503,5 all mss. have 6l;6. 
Corrected by Manitius. * 
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those at the greatest distances as 

5; 53° I0;34° 36;45° 44;48° 19;2°; 

and those at the least distances as 

6;36° 11;35° 47; 1° 47; 17° 23;53°. 

H434 Thus the differences between the equations at mean distance and those at 
greatest distance are 

0;20° 0;29° 4;25° 1;12° 3;0°, 

while the differences between [those at mean distance and] those at least 
distance are 

0;23° 0;32° 5;51° 1;17° 1;51°. 

Now the equations of the distances in question [for a mean longitude of 30° 
from the apogee] are less than those for mean distance, and differ from the latter 
by the following amounts: 

0;17l° 0;26i° 4;1° l;3i° 2; 17°, 

and the latter (expressed as sixtieths of the above total differences between [the 
equations for] mean and greatest distance) 53 are 

for Saturn Jupiter Mars Venus Mercury 

52:30 54;50 54:34 52:55 45;40. 

So those are the values, in sixtieths, which we put in the 8th column of the 
appropriate table, on the line containing the number ‘30’ for the mean motion 
in longitude. 

H435 For those distances which have equations greater than those at mean 
distance, we again reduced the [resulting] differences to sixtieths, but in this 
case expressed as Iractions, not of the [corresponding] equations at greatest 
* distance, but of those at least distance. In the same way [as above], we 
performed the computation for all other positions [of the epicycle] at 6° 
intervals of mean longitude, 54 and tabulated the resulting fractions, expressed 
in sixtieths, opposite the appropriate arguments. As we said, the fraction of the 
difference to be applied is sensibly the same even when the position of a planet is 
not at the greatest epicyclic equation, but at some other point on the epicycle. 

The layout of the five tables is as follows. 


H436-45 11. [Planetary equation tablesY° 

[See pp. 549-53.] 

53 Thus, e.g., ior Saturn 0:17] : 0;20 = 52] : 60. 

54 The statement that these values were computed at 6° intervals, even where the function is 
tabulated at 3° intervals, is easily verified by taking the differences between successive values in col. 
8 for Mars. 

55 Corrections to Heiberg: 

H441,49 Mars, arg. 174°, col. 6. Read ta ie (with Ar) for ta t0 (11;19°). Computed: 11;16°. 
H442,17 Venus, arg. 66°, col. 6. Read kc, (with DL) for k<; XC, (26;37°). 26;57° is the value I 
compute, and it also agrees with the value in col. 2 of the latitude table (XIII 5). 
H443.34 arg. 129°, col. 3. Read a v8 (with Ar) for a va (1;51°). Corrected by Manitius. 
H443,36 arg. 135°, col. 6. Read p£ v8 (with D,Ar) for pe ve (45;35°). Computed: 46;0°. 
H443,43 arg. 156°, col. 7. ReadapT) (with D,Ar) fora vr) (1;58°), which is obviously wrong since 
it is greater than the value for 159°. Computed: 1;47°. Corrected by Manitius. 
H444,9 Mercury, arg. 18°, col. 5. Read o K0 (with Ar) for o kS (0;24°). Computed: 0;29°. 
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SATURN 

APOGEE: m, 14; 10° 


Common 

Numbers 


Equation Difference 


Longitude 



8 1 

3 59 

2 1 

4 28 


78 

282 

6 1 

84 

276 

6 2 

90 

270 

6 3 


4 5 6 

Difference Equation 

in Subtractive • of 

Equation Difference I Anomaly 


+0 2 0 2 

+0 4 0 4 

+0 6 0 5 



mm i^' 



+0 9 
+0 8 
+0 7 





)2 

i 258 1 

6 30 

- 

)5 

1 255 ! 

6 27 

- 

)8 

252 1 

I 6 23 

- 



6 12 

0 23 

6 13 

0 23 

6 12 

0 24 

6 12 


6 9 

0 24 

6 5 

0 25 

6 0 

0 25 

5 55 

0 24 

5 48 

0 24 

5 40 

0 23 

5 31 

0 23 

5 21 

0 22 


129 

132 

135 

231 

228 

225 

5 27 

5 14 

5 0 

-0 11 
-0 12 
-0 12 

0 18 

0 17 

0 17 

138 

222 

4 45 

-0 12 

0 16 

141 

219 

4 29 

-0 12 

0 15 

144 

216 

4 12 

-0 12 

0 14 



+ 16 

58 

+ 19 

31 

+22 

11 

+24 

47 

+27 

24 

+30 

0 

+32 

37 

+35 

13 

+37 

50 

+40 

26 

+43 

3 

+45 

39 
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JUPITER 
APOGEE: w 2;9° 
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MARS 

APOGEE: G 16;40° 
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XI11. Table for anomaly of Venus 


VENUS 

APOGEE: 8 16; 10° 
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MERCURY 
APOGEE: ^ 1;10° 



0 28 
0 14 
0 0 


+40 0 
+39 44 
+39 28 


S 
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H446 12. [On the computation of the longitude of the 5 planets ] 56 

So when we want to determine the apparent position of any one of the planets 
from the periodic motions in longitude and anomaly, by employing the above 
[tables], we carry out the numerical computation (which is one and the same for 
ail five planets) in the following way. 

From the tables for mean motion we compute the mean positions in longitude 
and anomaly for the moment required (by addition, and casting out complete 
revolutions). Then, taking as argument the distance from the apogee of the 
eccentre at that moment to the mean position in longitude, we enter the 
anomaly table belonging to the planet in question, and take the value for the 
longitudinal correction corresponding to that argument in the third column, 
together with the value (in minutes) in the fourth column (which has to be 
added or subtracted). We subtract the result from the [mean] longitude and 
add it to the anomaly if the above-mentioned argument for the longitude [i.e. 
H447 the mean centrum] falls in the first column, but if it falls in the second column, 
we add the result to the longitude and subtract it from the anomaly, to get both 
positions corrected. 

Then we enter with the corrected anomaly [counted] from the [epicyclic] 
apogee into [one of] the first two columns, take the corresponding amount in the 
sixth column (the equation for mean distance), and write it down separately. 
Similarly, we enter with the amount for the mean longitude [i.e. mean 
centrum] (which we used as argument at the beginning) into the same 
argument [columns]; then, if [that argument] falls in the upper lines, which are 
closer to the apogee than that for mean distance (this will be clear from the 
entries in the eighth column), ,7 we take the corresponding number of sixtieths 
in the eighth column, take, from the fifth column (for the [difference at] greatest 
distance), the entry on the same line as that for the equation at mean distance 
which was written down separately, form the fraction of that [entry for the] 
difference corresponding to the above number of sixtieths, and subtract the 
result from the amount which we wrote down separately. But if the argument of 
the above longitude [i.e. the mean centrum] falls in the lower lines, which are 
closer to the perigee than that for mean distance, we take the corresponding 
number of sixtieths in the eighth column, as before, take, from the seventh 
column (for the [difference at] least distance), the entry corresponding to the 
equation for mean [distance] which was written down separately, form the 
fraction of that difference corresponding to the above number of sixtieths, and 
H448 add the result to the number we wrote down separately. The result will be the 
corrected equation [of anomaly]. If the corrected anomaly is in the first column, 
we add that corrected equation to the amount for the corrected longitude, 
but we subtract it if the corrected anomaly is in the second column. Using the 
result to count from the apogee of the planet at that moment, we reach its 
apparent position. 

56 Sec HAMA 186-7 and Appendix A, Example 14. 

57 Le. if the entry in the eighth column is subtractive, the epicycle centre is closer to apogee than to 
mean distance; if additive, closer to perigee (for Mercury, to least distance) than to mean distance. 
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1. {On the preliminaries for the retrogradations } 1 

Now that we have demonstrated the above, the appropriate sequel would be to 
examine the greatest and least retrogradations associated with each of the 5 
planets, and to show that the sizes of these, [as computed] from the above, 
hypotheses, are in as close agreement as possible with those found from 
observations. 

In the delinition of this kind of problem, there is a preliminary lemma 
demonstrated (for a single anomaly, that related to the sun) by a number of 
mathematicians, notably Apollonius of Perge, to the following effect. 

[1] If[the synodic anomaly] is represented by theepicyclic hypothesis, in which 
the epicycle performs the [mean] motion in longitude on the circle concentric 
with the ecliptic towards the rear [i.e. in the order] of the signs, and the planet 
performs the motion in anomaly on the epicycle [uniformly] with respect to its 
centre, towards the rear along the arc near the apogee, and if a line is drawn 
from our point of view intersecting the epicycle in such a way that the ratio of 
half that segment of the line intercepted within the epicycle to that segment 
intercepted between the observer and the point where the line intersects the 
epicycle nearer its perigee is equal to the ratio of the speed of the epicycle to the 
speed of the planet, then the point on the arc of the epicycle nearer the perigee 
determined by the line so drawn is the boundary between forward motion and 
retrogradation, so that when the planet reaches' that point it creates the 
appearance of station. 

[2] If the anomaly related to the sun is represented by the eccentric hypothesis 
(which is a viable hypothesis only for the three [outer] planets which can reach 
any elongation from the sun), 2 in which the centre of the eccentre moves 
[uniformly] about the centre of the ecliptic with the speed of the [mean] sun 
towards the rear [i.e. in the order] of the signs, while the planet moves on the 
eccentre in advance [i.e. in the reverse order] of the signs with a speed [uniform] 
with respect to the centre of the eccentre and equal to the [mean] motion in 
anomaly, and if a line is drawn in the eccentre through the centre of the ecliptic 
(i.e. the observer) in such a way that the ratio of half the whole line to the 
smaller of the two segments of the line formed by f the position of] the observer is 

1 On chs. 1-6 sec HAMA 190-201, Pedersen 331-49. 

2 This type of eccentric model is in fact applicable to the inner planets as well, provided that, for 
the speed of the centre of the eccentre, one uses, not the speed of the mean sun, but the sum of the 
speeds of the mean sun and the planet's anomaly (which sum is the same as the modern heliocentric 
mean motion). I do not understand why Ptolemy docs not recognise this. 


H450 
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XII1. Apollonius' lemma on stationary points 

equal to the ratio of the speed of the eccentre to the speed of the planet, then 
when the planet arrives at the point in which the above line cuts the arc of the 
eccentre near the perigee, it will produce the appearance of station. 

H452 We too shall achieve the required result by a method which, though 
summary, is none the less more convenient: we employ a proof which contains 
both hypotheses combined in a common [figure], to demonstrate their 
agreement and similarity in these ratios of theirs too. 3 

Let [Fig. 12.1] the epicycle be ABGD on centre E and diameter AEG, which 
is produced to Z, the centre of the ecliptic (i.e. our point of view). Cut off equal 
arcs, GH, G0, on either side of the perigee G, and drawZHBand Z0DfromZ 
through points H and 0. Join DH and B0 to intersect each other at point K, 
which will, obviously, lie on diameter AG. 

We say, first, that 

AZ:ZG = AK:KG. 

[Proof:] Join AD, DG, and draw LGM through G parallel to AD. Then LGM 
H453 will, obviously, be perpendicular to DG (for Z ADG is right). 

Then, since Z GDH = Z GD0 [on equai arcs, Euclid III 27], 

GL = GM [triangles LDG, MDG congruent]. 

fl 



Z 


Fig. 12.1 

3 ‘in these . . . too’ refers to the earlier demonstrations of the equivalence of the hypotheses in III 3 
and IV 5. Note that Ptolemy opposes his proof 5e) to that of the earlier mathematicians, 

notably Apollonius (npoaitoSeiKvuouai p&v, H450.9). This counts against Neugebauer’s supposi¬ 
tion (HA At A 264) that Ptolemy has taken this elegant equivalence theorem from Apollonius, 
despite its relationship to Conics III 37-40 and to Plane Loci II 8 (‘Circle of Apollonius’). 
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XII1. Single figure for epicycle and eccentre 

*. AD:GL = AD:GM. 

But AD:GM = AZ.ZG [triangle ADZ ||| triangle GMZ] 
and ADrLG = AK:KG [triangle ADK ||| triangle GLK]. 

AZ:ZG = AK:KG. 

So, if we imagine epicycle ABGD to be the actual eccentre in the eccentric 
hypothesis, the point K will be the centre of the ecliptic, and diameter AG will 
be divided by it in the same ratio as [the corresponding amounts] in the 
epicyclic hypothesis. For we have shown that the ratio of the greatest distance in 
the epicyclic [hypothesis], AZ, to the least distance, ZG, is the same as the 
greatest distance in the eccentric [hypothesis], AK, to the least distance, KG. 

We also say, [secondly], that 

DZ:Z0 = BK.K0. 

[Proof:] In the similar diagram [Fig. 12.2] join the line BND (obviously, this will 

be perpendicular to diameter AG), and draw 0X parallel to it from 0. Then, H454 

since 


R 



z 

Fig. 12.2 


BN = ND, 

BN:X© = ND:X0. 

But ND:X0 = DZ:Z0 [triangle ZND ||| triangle ZX0] 
and BN:X© = BK:K© [triangle BNK ||| triangle 0XK]. 
••• DZ:Z© = BK:K0. 

So, componendo , 

(DZ+Z0):Z0 = B0:0K. 
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And, dropping perpendiculars EO and EP, and dividendo , [we get], 

OZ:Z0 = P0:K0. 4 5 
And, dividendo once again, 

O0:Z0 = PK:K0. 

Therefore, if, in the epicyclic hypothesis, DZ is drawn in such a way that the 
ratio ofO0 to Z0 equals the ratio of the speed of the epicycle to the speed of the 
H455 planet, in the eccentric hypothesis PK:K0 will have that same ratio. 

The reason that in this case [i.e. in the eccentric hypothesis] we do not use this 
ratio obtained dividendo (namely PK:K0) to get the stations, but rather the 
undivided ratio (namely P0:K0), is that the epicycle’s speed is in the same 
ratio to the planet’s as the [mean] motion in longitude (alone) to the [mean] 
motion in anomaly, whereas the ratio of the eccentre’s speed to the planet’s is 
the same as that of the sun’s mean motion (i.e. the sum of the planet’s [mean] 
motions in longitude and anomaly) to the motion in anomaly. Thus, e.g. for 
Mars, 

speed of epicycle : speed of planet *** 42:37 
(for that, approximately, is the ratio which, as we demonstrated, holds between 
the [mean] motions in longitude and anomaly). 3 

Hence that is also the ratio of O0:0Z. 

But speed of eccentre : speed of planet *** [42 + 37 =] 79:37, 
i.e. this is the same as the ratio obtained componendo , P0:0K, 

H456 since we found that the divided ratio, PK:K0, is equal toO0:0Z (i.e. 42:37). 

Let the above suffice us as preliminary theorems. It remains to prove that 
when one takes lines [corresponding to ZD. B0] divided in the ratio described, 
then in both hypotheses H and 0 represent the points in which station appears 
to take place, and [thus] arc HG0 must be retrograde, and the remainder [of 
the circle] possessing forward motion. [For this purpose] Apollonius proposes 
the following preliminary lemma. 

[See Fig. 12.3.] In triangle ABG, in which 
BG > AG, 

if we cut oil [from GB] GD> AG, 6 then 

GD:BD> Z ABG:Z BGA. 

H457 His proof is as follows. 

Complete the parallelogram ADGE (he says), and let BA and GE be 
produced to meet at Z. Then, since 
AE [= GD]> AG, 

the circle drawn on centre A with radius AE will either pass through G or 
beyond G. Let it be drawn to pass through G, as HEG. Then, since 
triangle AEZ > sector AEH 
and triangle AEG < sector AEG, 
triangle AEZ : triangle AEG > sector AEH : sector AEG. 

But sector AEH : sector AEG = Z EAZ:Z EAG 


4 For DZ + Z0 = 2GZ, and B0 = 2P0 (Euclid III 3). 2OZ:Z0 = 2P0:0K.OZ:Z0 = P0:0K. 
It is this last step which is described as dividendo (SieXovti). See Introduction pp. 17-18 for the two 
senses of this term. 

5 IX 3 p. 424. 37 returns in anomaly correspond to about 42 revolutions in longitude and 79 years. 

6 Literally *not less than AG’. 
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G D B 

Fig. 12.3 

and triangle AEZ : triangle AEG = ZE:EG (bases). 7 * 

ZE:EG>Z ZAE:Z EAG. 

But ZE:EG = [ZA:AB =] GD:DB. 

And Z ZAE = Z ABG 
and Z EAG = Z BGA. 

GD:DB > Z ABG:Z AGB. 

And it is obvious that if GD (= AE) is supposed, not equal to AG, but greater, H458 
the difference in the ratios will be even greater. 

Now that we have established this preliminary lemma, let [Fig. 12.4] the 
epicycle be ABGD on centre E and diameter AEG. Produce AEG to Z, 
[representing] our point of view, so that 

EG:GZ> speed of epicycle : speed of planet. 

Thus it will be possible to draw a line ZHB 9 in such a way that 

lBH:HZ = speed of epicycle : speed of planet. 

Then, by what we proved previously, if we cut oil'arc AD equal to arc AB, and 
join D0H, point 0 will represent our point of view in the eccentric hypothesis, 
and 

!DH:0H = speed of eccentre : speed of planet. 

We say, then, that in either hypothesis, when the planet reaches point H, it H459 
will produce the appearance of station, and if we cut olfarcs, however small, on 
either side of H, we will find that the arc intercepted towards the apogee will be 
an arc of forward motion, and the arc towards the perigee will be retrograde. 

[Proof:] First, cut off an arbitrary arc towards the apogee, KH, draw ZKL and 
K0M, and join BK, DK and also EK and EH. 

Then since, in triangle BKZ, 

BH > BK, 10 

BH:HZ> Z HZK:Z HBK [cf. above]. 

7 Euclid VI 1: triangles with the same height are in proportion to their bases. 

“The situation where EG:GZ = speed of epicycle : speed of planet is the limiting situation for 
retrogradation to occur: see p. 561. 

9 Because of Euclid III 8, which proves that of all lines drawn to a circle from a point outside it, 
that through the centre is the least. 

10 Euclid III 15. 
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R 



Z 

Fig. 12.4 


••• ;BH:HZ > Z HZK:2 Z K.BH = Z HZK:Z KEH 
But :BH:HZ = speed of epicycle : speed of planet. 

Z HZK:Z KEH < speed of epicycle : speed of planet. 
Therefore the angle which has the same ratio to Z KEH as the ratio (speed of 
H460 epicycle : speed of planet) is greater than Z HZK. Let that angle be Z HZN. 
Then, in the time that the planet takes to travel arc KH of the epicycle, the 
epicycle centre has moved in the opposite direction by an amount equal to the 
[angular] distance from ZH to ZN. So it is clear that arc KH of the epicycle has 
moved the planet in advance through an angle at our eye (Z HZK) which is less 
than the angle (Z HZN) through which [the motion of] the epicycle itself has 
moved it towards the rear during the same space of time. Thus the planet has 
undergone a forward motion [of the amount] of Z KZN. 

Similarly, to carry out the reasoning as if the circle [ABGD] were an 
eccentre: 11 

11 Reading dx; im ^KKevxpou xou kOkXou (with C 2 D) for dx; £itt tou feKK£vrpoo kukXou (‘as on 
the eccentric circle’) at H460,13. 
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since BH:HZ > Z HZK:Z HBK, 
component , BZ:ZH > [Z HZK + Z HBK =] Z BKL:Z HBK. 

But BZ:ZH = D0:0H. 12 
And Z BKL = Z DKM 13 
and Z HBK = Z HDK. 

*. D0:@H >Z DKM:Z HDK. 

So, component; DH:H0 > [Z DKM + Z HDK =] Z H0K:Z HDK. 
Therefore, dividend*, iDH:H0>Z H0K:2 Z HDK = Z H0K:Z HEK. 

But 1 DH:0H = speed of eccentre : speed of planet. 

Z H0K:Z HEK < speed of eccentre : speed of planet. 
Therefore the angle which bears the same ratio to Z HEK as the speed of the 
eccentre bears to the speed of the planet is greater thanZ H0K. Let it, again, be 
Z H0N. So, since the planet, in its own motion along KH, has travelled in 
advance through Z KEH, and in the same space of time has been carried by the 
motion of the eccentre towards the rear through Z H0N, which is greater than 
Z K0H, it is clear that, by this [hypothesis] too, the planet will appear to have 
undergone a forward motion [of the amount] ofZ K0N. 

It is easy to see that the same method can be used to prove the opposite case, 14 
if in the same figure [Fig. 12.5] we suppose that 

!LK:KZ= speed of epicycle : speed of planet 
and hence j\IK:0K= speed of eccentre : speed of planet; 
and imagine arc KH cut off towards the perigee side of line LZ. 

For, if we join LH to produce the triangle LZH, in which there is cut olf 
ZK > ZH, then 

LK:KZ < Z HZK:Z HLK. 

••• jLK:KZ<Z HZK:2 Z HLK = Z HZK:Z KEH, 
which is the opposite of what was proved above. 1 '’ 

And, by the same reasoning, one will come to a conclusion opposite [to the 
above, namely] that 

Z KEH:Z HZK < speed of planet : speed of epicycle 
and Z KEH:Z H0K< speed of planet : speed of eccentre. 

So the angle which has the same ratio [to Z HZK or Z H0K as the speed of the 
planet has to the speed of the epicycle or eccentre] turns out to be greater than 
Z KEH, and the resultingretrograde [component of] motion is greater than the 
forward. 

Furthermore, it is clear that for distances at which 

EG:GZ< speed of epicycle : speed of planet 
it will be impossible to draw another line [to the circle which will be cut] in a 
ratio equal to that [of the speeds of epicycle and planet], and the planet will not 
appear stationary or retrograde. 


12 This was proven p. 557 (in Fig. 12.2 DZ:Z0 = BK:K0). 

13 Euclid III 27: angles standing on equal arcs are equal. I.e. Ptolemy assumes that arc BL = arc 
DM. This follows from the fact that 0 is a fixed point for given Z (cf. HAMA 264-5). Cf. p. 556, 
where it is shown that AZ:ZG = AK:KG, hence K (corresponding to 0 here) is a fixed point. 

14 I.e. that the planet will be retrograde on the other side of the point defined by the ratio of the 
speeds. 

15 p. 560, wherc i BH-HZ > L HZK:Z KEH. 
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Fig. 12.5 


For since, in triangle EKZ, EG has been cut olfand is [equal to. i.e.] not less 
than EK, 

Z GZK:Z GEK< EG.GZ. 

But EG:GZ< speed of epicycle : speed of planet. 

•*. Z GZK:Z GEK< speed of epicycle : speed of planet. 

H464 Hence, since we have shown [p. 560] that, where this occurs, the planet has 
undergone a forward motion, we shall find no arc either on epicycle or on 
eccentre on which it will appear retrograde. 

2. {Demonstration of the retrogradations of Saturn] 

That being established, we shall next set out the calculations of the retro- 
gradations for each of the planets, in accordance with the hypotheses 
[previously] demonstrated, beginning with Saturn.-The method is as follows. 
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[See Fig. 12.6.] 16 Let the circle carrying the epicycle centre be AB on 
diameter AGB. on which G represents the centre of the ecliptic, i.e. our point of 
view. Describe the epicycle DEZH on centre A, and draw line GZE in such a 
way that, when perpendicular A© is dropped on to it, the ratio of half EZ (i.e. - 

©Z) to ZG is that of the speed of the epicycle to the speed of the planet. Let us 
suppose, first, that the epicycle is situated at mean distance: thus the. mean 
motions in longitude and anomaly are very nearly the same as the motions [in 
longitude and anomaly] taken with respect to the centre of the ecliptic. 17 

Now for Saturn, as we demonstrated [XI 6], where the mean distance GA is H465 
60 p , the epicycle radius AD = 6: p . 

Thus, bv addition, DG = 66;30 p , 
and, by subtraction, GH = in the same units. 


16 Ptolemy uses an identical simplified figure (Figs. 12.6 - 12.12), in which the observer, G, is 
represented as the centre of the circle, for all situations. The actual situation is depicted in Fig. Q 
(copied from Manitius), where the subscripts 1, 2 and 3 represent the situations at mean, greatest 
and least distances respectively. 

17 I.e. because the epicycle centre is the same distance from the observer as it would be in the 
simple model treated in ch. 1, one can assimilate the situation to that, and use the mean motions 
unmodified. As Ptolemy says, this involves an approximation, since the centre of motion is not the 
observer, but the equant point. However, for small eccentricities this is negligible. 





Thus their product 18 is 3557;45 p . 

But DG.GH = EG.GZ. 
so EG.GZ = 3557;45 p in the same units. 

Furthermore (in accordance with the mean motions), where the speed of the 
epicycle (i.e. 0Z) is l p , the speed of’the planet (i.e. ZG) is about 28:25,46 p . 19 
Therefore, by addition, EG [= ZG + 20Z] = 30;25,46 p , 

and EG.GZ = 865;5,32 p in the same units. 

So if we divide 1 ' 0 3557;45 by 865:5.32, which gives a quotient of 4:6,45, take the 
square root of the latter, 2; 1,40, and multiply this factor into 0Z (= l p )andZG 
(= 28;25,46 p ) separately, we get 

©Z= 2;l.40 p l 

, — oo --n f where (EG.GZj = 35o/:4y\ 

and ZG = o/:38,oo p J ’ 

Then if we join AZ, where AZ = 6;30 p , 

Z0 = 2;l,40 p , 

so where AZ = 120 p , Z0 = 37:26,9 P . 

Therefore, in the circle about right-angled triangle AZ0, 
arc 0Z = 36;21,15°, 21 

/ 7A0 -I = 36;21;15°° where 2 right angles = 360°° 

SO " [ « 18:10,38° where 4 right angles = 360°. 


18 Literally the rectangle contained by them*. 

19 Taking the mean daily motions tabulated in IX 4 one finds the ratio oflongitude to anomalv as 
1 : 28;25,55 . . . Ptolemy may have taken the rounded numbers 0;57,7,43°/ d and 0;2,0,34V d , 
which lead to 28;2 5.48. 

- u Trapa(kiXa)pev Ttapa, literally ‘measure it bv laving alongside*. 

21 Accurately, 36:21,20°. 
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Furthermore, where hypotenuse [of right-angled triangle AGO] GHA = GO* 1 , 
by addition, GZ0 [= 57;38,55 p + 2;l,40 p ] = 59;40,35 p , 
so where GHA = 120P, GZ0 = 119;21,10 p . 

So, in the circle about right-angled triangle AGO, 
arc GO = 168;5,39°. 

. , p .f = 168;5,39°° where 2 right angles = 360°° 

" \ « 84;2,50° where 4 right angles = 360° . 

Hence we get Z AGO = 5;57,10° (complement), 

and Z ZAH = Z GAO - Z ZAO = 65;52,12°. 

So, since the planet is seen along line GZ at first station, and along GH at 
[mean] opposition, it is clear that, if the epicycle centre had no motion towards 
the rear [during this interval], arc ZH of the epicycle, comprising 65;52,12°, 
would produce a retrograde motion of the amount ofZ AGZ, 5;57,10°. But 
since, according to the above ratio of the speed of the epicycle to the speed of the 
planet, to this anomaly of 65;52,12° correspond approximately 2; 19° in 
longitude, 22 we get a retrograde motion of: 

from either station to opposition 3;38,10° and 69 d23 

(the latter is approximately the time the planet takes to move 2; 19° in mean 
longitude), 

and a total retrogradation of 7; 16,20° and 138 d . 

Next we will investigate the [corresponding] quantities near the greatest 
distance under the same conditions, namely when the opposition halfway 
between the [two] stations brings the epicycle centre precisely to the apogee of 
the eccentre, and, obviously, brings each of the two stations to a distance in 
corrected longitude from the opposition (i.e. from the apogee) 24 which is close to 
the 2; 19° which was derived [above] from the ratio between the mean 
[motions]. In this situation AG, which represents the distance at that moment, 
is negligibly dilferent from the greatest distance, 25 and hence is obtained via the 
theorems previously developed, and to 1° of longitude corresponds an equation 
of about 6;30'. 26 Therefore the ratio of the corrected [motion in] longitude to 
the corrected [motion in] anomaly, i.e. of the apparent speed of the epicycle at 
that moment to the apparent speed of the planet, is 0;53,30 : 28;32,16. 27 

Then, repeating the same figure [Fig. 12.7], where the radius of the epicycle 
DA is G^O 15 , GA (which is negligibly different from the greatest distance) is 
63;25 p . 

Hence, by addition, DG is computed as 69;55 p , 
and, bv subtraction, GH = 56;55 p . 

And DG.GH (= EG.EZ) = 3979;25,25 p . 

22 65;52,12/28;25,46 = 2; 19,1. 

2J 5;57,10° - 2:19° = 3;38,10°. In 69 days the planet moves 2;18,39° in longitude, i.e. here (and 
throughout) Ptolemy rounds to the nearest day or convenient fraction of a day. 

24 Since this must be the meaning, one has to correct Heiberg’s punctuation at H468,3, deleting 

the comma after and inserting a comma after anoytiov. 

25 Since the epicycle centre is in the apogee of the eccentre halfway between the stations, at the 
actual stations the epicycle is a little before or after apogee: hence ‘negligibly different’. 

26 In the anomaly table for Saturn (XI11), to 6° corresponds an equation of centre of39': hence to 
r corresponds exactly 6i'. 

27 I.e. 1° - 0;6,30° and 28;25,46° + 0;6,30° (cf. p. 564 n. 19). On the rationale for this procedure see 
HAMA 193-4. 
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Fig. 12.7 


And, by hypothesis, where Z© (representing the speed of the epicycle) is 
0;53,30 p , GZ (representing the speed of the planet) is 28;32,16 p ; 
so, by addition, EG [= GZ + 2Z0] = 30;19,16 p , 
and EG.GZ = 865;17,50 p . 

So. again, dividing 3979;25,25 by 865;17,50, which gives 4;35,56, taking the 
square root of the latter, 2;8,40, and multiplying this factor into 0Z (= 0;53,30 p ) 
and ZG (= 28;32,16 p ) separately, we get 

, w ^ere AZ = 6;30 p and AG = 63;25 p . 

and GZ = 61;11,52 P J 

And. by addition, G0 = 63;6,36 p in the same units. 

Therefore where hypotenuse AZ [of right-angled triangle AZ0] = 120* 5 , 

0Z = 35;18,9 P , 

and where hvpotenuse GA [of right-angled triangle AG0] = 120 p , 

G0 = 119;25,ll p . 

Therefore, in the circle about right-angled triangle AZ0, 
arc 0Z = 34; 13,4°, 

and, in the circle about right-angled triangle AG0, 
arc G0 = 168;43,38°. 

Z ZA0 = 34;13,4°° 1 
and Z GA0 = 168;43,38°°J 
Z ZA0 = 17;6,32° I 
and Z GA0 = 84;21,49°J 


where 2 right angles = 360° 


where 4 right angles = 360° 


Hence, by subtraction [from 90°], Z AG0 (which represents the amount of 
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retrogradation 28 which there would be between either of the stations and 

opposition, if the epicycle had no 29 forward motion) is 5;38,11°, 

and, by subtraction [of Z ZA© from Z GA0], Z ZAH (which represents the 

apparent motion on the epicycle 30 at the same [unchanging] distance) is 

67;15,17°. 

Now, according to the ratio of the speeds at the apogee, to the latter amount 
correspond 2;6,6° in corrected longitude; 31 so we get, for half of the total 
retrogradation, 

[5;38,11° - 2;6,6° = ] 3;32,5° and 70i“ 

(the latter is approximately the time the planet takes to trave!2;21,25° in mean 
longitude, which is the amount corresponding to the above 2;6,6° in corrected 
longitude); 

and, for the total retrogradation, 

7;4,10° and 140;“. 

Again, we will investigate the [corresponding] quantities near the least 
distance, using the same figure [Fig. 12.8] and under similar conditions, i.e. 


D 
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Fig. 12.8 

28 Reading Tq<; (with C 2 D) for toD at H470,6. Cf. H473,l. Corrected by Manitius. 

29 Reading prj5ev at H470,8 for pr|8ev6<;. There is no ms. authority for my correction, but it is 
necessary for the sense. As a consequence of the corruption ol to xoT) just above, it was assumed 
that Ttpoqyqaeoj^ was connected with ujteA.ei7rexo, hence pqSev was changed to prjSevdi; to agree 
with it. 

30 By apparent motion' Ptolemy means ‘as counted from the true [and not the mean] epicyclic 
perigee’. 

il One might suppose from what he says here that Ptolemy computes 67; 15,17° x 0:53,30/28:32,16. * 
This leads to 2;6,5°. The actual method of computation is explained at the end of XII6 (p. 582). It is 
as follows: 67;I5,17° x 1/28;32,16 = 2:21,24°. To the latter corresponds an equation of0;15.19°, 
which, subtracted from 67:15,17°, gives about 67°. Then 67° x 1/28:25,46 = 2;21,25°. 2;21.25° - 
0:15.19° = 2:6,6°. 
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when the opposition halfway between the [two] stations is precisely at the 
perigee of the eccentre, and both stations are the above [ca. 2;19°] distance in 
longitude from the opposition (i.e. from the perigee). 

In this situation the distance at that moment, AG, is found in the same way 
[as at greatest distance], since it is negligibly different from the least distance. 
And to 1° of longitude corresponds an equation of about 7;20 minutes. 32 So here 
apparent speed of epicycle : apparent speed of planet = 1;7,20 : 28;18,26. 33 
Hence, where 0Z = l;7,20 p , GZ = 28;18,26 p , 
and, by addition, EG = 30;33,6 P , 34 
and EG.GZ = 864;49,58 p . 35 
But where the epicycle radius, DA = 6;30 p , 

AG (which is negligibly different from the least distance) is 56;35 p ; 
hence, by addition, DG = 63;5 P , 
and, by subtraction, GH = 50;5 P , 
and DG.GH (= EG.GZ) = 3159;25,25 P . 

Therefore if, as before, we divide 3159;25,25 by 864;49,58, which gives3;39.12, 
take the square root of that, 1;54,41, 36 and multiply the latter factor into @Z 
(= l;7,20 p ) and ZG (= 28;I8,26 P ) separately, we get 
0Z = 2;8,43 p 

where the epicycle radius, AZ = 6;30 p , and the distance at that moment, AG = 

56;35 p ; 

and GZ = 54;6,22 p in the same units. 

Hence, by addition. G0 = 56:15,5 P in the same units. 

Therefore, where hypotenuse AZ = 120 p , ©Z = 39;36,18 p , 
and, where hypotenuse GA = 120 p , G0 = 119; 17,46 p . 37 
Hence, in the circle about right-angled triangle AZ0, 
arc Z© = 38*32,34°, 

and, in the circle about right-angled triangle AGO, 
arc GO = 167;34,54°. 

Z ZAO = 38;32,34°°l , 0 . u . acnoo 

and Z GA0 = 167;34,54°°J where 2 nght ang es " 360 ' 
And Z ZA0 = 19:16,17°! .... . ocno 

and Z GA0 = 83;47,27°j where 4 r,ght angles = 360 ' 
Therefore, by subtraction [from 90°], we get Z AGO, which represents the 
retrogradation (due to the planet’s speed) between either of the stations and 
opposition, as 6; 12,33°, 


32 To an argument of 177° (= 180° - 3°) corresponds (Table XI11) an equation of centre of 0;22°. 
Hence to 1° near perigee corresponds 0;7,20°. 

33 I.e. 1 + 0;7,20 and 28;25,46 - 0;7,20. 

34 Deleting toioutcov at H471,18-19 (with D,Ar). 

35 Reading vq for v“(misprint in Heiberg) at H471,20. 

36 Reading pa at H472,5 for pj5 (1;54,42). The latter has no ms. authority, but is Heiberg’s 
correction for thepf (45) orp9 (49) of the Greek mss. *4T is the reading ofGer (all other Arabic mss. 
I have seen have ‘49’), and is shown to be correct not only because it is the square root of 3;39,12 
(accurate to two sexagesimal places), but because (below) 1;54,41 x 28; 18,26 ** 54;6,22 (in 
agreement with the text), whereas 1;54,42 x 28;18,26" ,, 54,6,50. 

37 119;17,45 p would be a more accurate result, and corresponds better to the arc 167;34,54° given 
below. But in the absence of any ms. authority I hesitate to change it. 
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and, again by subtraction [of Z ZA© from Z GA©], Z ZAH, which represents 
the apparent motion on the epicycle at the same [unchanging] distance, as 
64;31,10°. 

According to the ratio of the speeds at the perigee, to the latter amount 
correspond 2;33,28° in corrected longitude. 38 Hence we get for half the total 
retrogradation, 

[6;12,33° - 2;33,28° =] 3;39,5° and 68" 

(the latter is approximately the time taken by the planet to travel, at mean 
speed, 2; 16,45°, which is the amount in mean longitude corresponding to the 
above 2;33,28° of corrected longitude). 

[Thus] the total retrogradation is 

7;18,10° and 136". 


3. {Demonstration of I he retrograaations oj Jupiter) 

For Jupiter [see Fig. 12.91, according to our calculations for mean distance, 
0Z-GZ = 1 : 10;51,29.' 9 
and EG:ZG = 12:51,29 : 10;51,29, 



B 

Fig. 12.9 


38 Cf. p. 567 n.31. Computation: 64;31,10°x 1/28; 18,26= 2;16,45°. Equation for 180°-2; 16,45° is 
0,16,43°. 64;31,10° + 0; 16,43° = 64;47,53° The latter multiplied by l/28;25,46 gives 2; 16,45°, and 
2; 16,45° + 0; 16,43° = 2;33,28°. 

39 Taking the first three places (rounded) of the mean daily motions from IX 4 (cf. p. 564 n,19), 
one gets 0;54,9,3 : 0;4,59,14 = 10;51,28,29 . . . 
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so EG.ZG = 139;37,39. 40 
Furthermore GA:AD = 60 : 11 ;30 

and GD:GH = 71;30 : 48:30, 
so GD.GH = 3467;45. 

Dividing [3467;45 by 139;37,39] we get 24;50,9, the square root of which, 
4;59,I, we multiply into the above ratio of0Z:GZ, and get, in terms of the 
given sizes of GA and AZ [i.e. 60 and 11;30], 

0Z = 4;59,l p 

and GZ = 54;6,44 p in the same units, 
and, by addition, G0 = 59;5,45 p . 

Hence, expressed in units where hypotenuses AZ and AG [respectively] are 
120 p , 

0Z = 52;0,10 p 
and G0 = 118;1 l,30 p , 
and the corresponding 41 arcs are: 

arc Z0 = 51 ;21,41° 
and arc G0 = 160;4,55°. 

Accordingly we compute Z ZA0 5=55 25;40,50° 
and Z GA0 ~ 80;2,28°, 

and, by subtraction [of Z GA0 from 90°], Z ZGA, which represents the 
retrogradation due to the planet's speed, is 9;57,32°, and Z ZAH, which 
represents the apparent [motion in] anomaly, is [Z GA0 - Z ZA0 =] 
54;21,38°. To the latter correspond 5; 1,24° in longitudinal motion, according to 
the above ratio [of 1 : 10;51,29]. 42 Thus half the retrogradation is 
4:56,8° and about 60? J , 
and the total retrogradation is 

9:52,16° and 121 d . 

The distance at an elongation of about 5° from apogee or perigee is 
[respectively] negligibly smaller than the greatest distance and negligibly larger 
than the least distance. 

According to our calculations for greatest distance, the equation [cor¬ 
responding to 1°] for correcting [the speeds] is minutes. 44 Hence 
0Z:GZ = 0;54,50 : 10:56,39 
and EG:GZ = 12;46,19 : 10;56,39, 
and EG.GZ = 139;46,42. 

4W Ptolemy has made a computing error correct is 139,36,48, and this is indeed found in Ger, 
derived no doubt from the kind of marginal correction found in D 2 (139:36,48,32). That the error is 
Ptolemy’s is shown by the subsequent calculations (at H474.5 Ger reads 24;50,17, again in 
agreement with D 2 and the above amount, but the square root should be 4;59,2, whereas the whole 
tradition agrees on 4;59,1, which is confirmed by the following computations). 

41 Reading auTaft; at H474,16 (with all mss.) for Heiberg’s correction £7t’ auicJv. Although 
the genitive is normal in the Almagest in expressions of the type 1*1 im rq<; Z0 Ttepvtpepelac;, the 
dative after fejti is perfectly good Greek, and is explicable here as avoiding the ambiguity of two 
genitive plurals referring to different things. I have restored the mss.’ reading in the similar passages 
H476,9 and H477J8. 

42 In fact 54;21,38/10;51,29 = 5;0,23°. But the number in the text is confirmed by the following 
computations. 

43 Reading? (with L,Ger) at H475,14 for?£ (5;6). The correction was made by Manitius.who 
notes that, in the table of anomaly, to an argument of6° corresponds an equation of centre ofO;3I°, 
hence, to 1°, 0:5,10°. 
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Furthermore, GA:AD = 62;45 : 11 ;30, 

DG: GH = 74; 15 : 51;15, 
and DG.GH = 3805; 18,45. 

Dividing [3805; 18,45 by 139;46,42], we get 27; 13,26, the square root of which, H476 
5;13,4, when multiplied into the above ratio of 0Z:GZ, gives, in terms of the 
given sizes of GA and AZ [i.e. 62;45 and 11;30] 

Z© = 4;46,6 P , 

GZ = 57,6,19V 4 
and, by addition, G0 = 61;52,25 p . 

Hence, expressed in units where hypotenuses AZ and AG [respectively] are 

120 p , 

Z0 = 49;45,23 p 
and G0 = 118;19,27 p , 
and the corresponding arcs are: 

arc Z0 = 48:59,34° 
arc G0 = 160:49,36°. 

Accordingly, Z ZA0 = 24;29,47° 
and Z GA0 = 80;24,48°. 

And, by subtraction, Z ZGA, which represents the retrogradation due to the 
planet's speed, is [90° - Z GA0 =] 9:35,12°, andZ ZAH, which represents the 
apparent [motion in] anomaly, is [Z GA0 - Z ZA0 =] 55,55,1°. To the latter 
correspond 4:40,35° in corrected longitudinal motion, 43 and 5:6,35° in mean 
[longitudinal] motion, according to the ratio [of speeds] at the apogee. Thus 
half the retrogradation is 

[9:35,12°- 4:40,35°=] 4:54.37° and about 61 r, 
and the total retrogradation 

9:49.14° and 123 d . 

According to our calculations for least distance, the equation [corresponding H477 
to 1°] for correcting [the speeds] is found to be*5* minutes. 4t> Hence 
©Z:ZG = 1:5,40 : 10:45,49, 

EG:ZG = 12:57,9 : 10;45,49. 
and EG.ZG = 139:24,56. 

Furthermore. GA:AD = 57; 15 : 11 ;30. 

DG:GH = 68:45 : 45;45, 
and DG.GH = 3145:18,45. 

Dividing [the latter by 139:24,56], we get 22;33,39, the square root of which, 

4;45, multiplied into the above ratio of© Z:GZ, gives, in terms of the above sizes 
of GA and AZ [i.e. 57; 15 and 11;30], 

0Z = 5; 1 l,55 p , 

ZG = 51;7.38 p , 

and, by addition, G0 = 56;19,33 p . 

44 More accurate would be 57;6.15. which is the reading of D and is given as an alternative in 
ABC. But the text is guaranteed by the following computations. 

45 Cf. p. 567 n.31. Computation: 55;55,l°x 1/10;56,39 = 5;6,33°, to which corresponds an equation 
oi 0;26,24° ~ 26'. 55;55,1° - 0;26° = 55;29,1°. This multiplied bv 1/10;51,29 = 5;6,35° [so text; 
accurately 5;6.36]. 5;6,35° - 0;26° = 4,40;35°. 

46 In the table of anomaly, to an argument 014180° - 3° =] 177° corresponds an equation ofO; 17°, 
hence to 1° near perigee con^sponds 5r. 
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Hence, expressed in units where hypotenuses ZA and AG [respectively] are 

120 p , 

Z© = 54;14,47 p 
and G0 = J 18;3,46 p , 
and the corresponding arcs 

arc Z© = 53;45,4° 
and arc G© = 159;22,40°. 

Accordingly Z ZA© = 26;52,32° 
and Z GA© = 79;41,20°. 

And, by subtraction, Z ZGA, which represents the retvogradation due to the 
planet’s speed, is [90° - Z GA© =] 10; 18,40°, andZ ZAH, which represents the 
apparent [motion in] anomaly, is [Z GA© - Z ZA© =] 52;48,48°. To the latter 
correspond 5,21,20° in corrected longitudinal motion/ 7 and 4;54,20° in mean 
[longitudinal] motion, according to the ratio [ol speeds] at the perigee. Thus 
hall the retrogradation is 
[10; 18,40° - 5;21,20° =] 4;57,20° and about 59 d , 
and the total retrogradation is 

9;54,40° and 118 d . 


4. {Demonstration oj the retrogradations of Mars] 

Again, in the case ol Mars [see Fig. 12.10], according to our calculations lor 
near mean distance, 

©Z:ZG = 1 : 0;52,51, 48 
and EG.GZ = 2;52,51 : 0;52,51, 
so EG.GZ = 2;32,15. 

Furthermore, GA:AH = 60 : 39:30, 

and DG:GH = 99:30 : 20;30, 
so DG.GH = 2039;45. 

Dividing [2039;45 by 2;32,15], we get 803:50,50, 49 the square root of which, 
28:21,8, multiplied into the above ratio of@Z:ZG, gives, in terms of the above 
sizes of GA and AZ [i.e. 60 and 39:30], 

©Z = 28:21,8 P , 

GZ = 24:58.25 p in the same units, 
and, by addition, G© = 53;19,33 p . 

Hence, in units where hypotenuses AZ and AG are each [respectiveIv] 12Q P . 
Z0 = 86:8.0 P 
and G© = 106;39,6 P . 


47 Cf. p. 567 n.31. Computation: 52;48,48° x 1/10;45,49 = 4;54,24°, to which corresponds an 
equation of 27' [so text: accurate would be 29']. 52;48,48° + 0;27° = 53; 15,48°, which multiplied bv 
1/10:51,29 gives 4;54,20° [accurately 4;54,19°]. 4;54,20° + 0;27° = 5;21,20°. 

48 From the mean daily motions (IX 4) : 0;27,41,40/0;31,26,36 = 0;52,50,47 . . . 

49 Accurate would be 803,50,33, which is found as the reading of the second hand in D. Ger has 
803;50.32, T 803,50,30. The variation has no liirther consequences, since the square root of all 
(to the neatest second) is 28:21,8. 
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Fig. 12.10 


The corresponding arcs are 

arc Z© = 91;44.34° 
and arc G© = 125:26,10°. 

Accordingly Z ZA0 = 45;52,17° 
and Z GA© = 62:43,5°. 

And, by subtraction, Z ZGA, which represents the retrogradation due to the 
planet's speed, is[90° - Z GA© =] 27; 16,55°, and Z ZAH, which represents the 
[motion in] anomaly, is [Z GA© - Z ZA© =] 16:50,48°. To the latter amount 
correspond 19;7,33° in [mean] longitudinal motion, according to the above 
ratio [of speeds, of 1 : 0:52,51]. Thus half the retrogradation is 
[27; 16,55° - 19;7,33° =] 8;9,22° and about 3$ d . 

And the total retrogradation is 

16:18,44° and 73 J . 

[Hence] the distance at the elongation of the stations from apogee and 
perigee is [respectively] about 0:20 p of the mean distance [i.e. 60 p ] less than the 
greatest distance, and about the same amount greater than the least distanced 0 
According to our calculations for near greatest distance, the equation 
corresponding to an argument of 1° for correcting [the speeds] is found to be 
10?'. 51 Hence 


50 For a true centrum (k) of 19;7,33°, the distance of the centre of the epicycle, p « 65;38,12 9 ** 
66 P - 22'. For k = I60;52,27°, p = 54;I7,56 P m 54 p + 18', i.e. 20' is a reasonable mean. 

51 In the anomaly table for Mars (XI 11), to an argument of 18° corresponds an equation of 3; 13° 
and to 24°, 4; 16°; hence, as Manitius notes, the correct amount corresponding to 1° should be 
(4;16- 3;13)/6= lOK 
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574 XII4. Mars 3 retrogradation at greatest distance 

0Z:ZG = 0;49,40 : 1;3,11, 

EG:GZ = 2;42,31 : 1;3,11, 
and EG.GZ = 2;51,8. 

Furthermore, GA:AH = 65;40 : 39;30, 

DG.GH = 105; 10 : 26;10, 
and DG.GH = 2751;51,40. 

And, when we divide [2751 ;51.40 by 2;51,8], we get 964;48,47, the square root 
of which, 31;3,4i, multiplied into the above ratio of0Z:ZG, gives, in terms of 
the above sizes of GA and AZ [i.e. 65;40 and 39,30], 

0Z = 25;42,43 p , 

GZ = 32;42,34 p , 
and, by addition, G0 = 58;25,17 p . 

Hence, expressed in units where hypotenuses AZ and AG are each [respectively] 
120 p , 

Z0 = 78;6,44 p 
and G0 = 106;45,36 p . 

The corresponding arcs are 

arc Z0 = 81;13,8° 52 
and arc G0 = 125;39,46°. 

Accordingly Z ZA0 = 40:36,34° 
and Z GA0 = 62;49,53°. 

And, by subtraction, Z ZGA, which represents the retrogradation due to the 
planet's speed, is [90° - Z GA0 =] 27; 10.7°, while Z ZAH, which represents 
the [motion in] apparent anomaly, is [Z GA0 - Z ZA0 =] 22:13,19°. To the 
latter correspond [motions in] corrected longitude of 17;13,21°, and in mean 
[longitude] of 20:58,21°,according to the ratios [of the speeds] at the apogee. 
Thus half the retrogradation is 

[27:10.7° - 17:13,21° =] 9:56,46° and about 40 d , 
and the total retrogradation is 

19:53,32° and 80 d . 

According to our calculations for near least distance, the equation [cor¬ 
responding to an argument of 1°] for correcting [the speeds] is found to be 
12"V’ 4 Hence 

0Z:ZG = 1;12,40 : 0;40,1I, 

EG.GZ = 3;5,31 : 0;40,1L 
and EG.GZ = 2;4,14. 

Furthermore, GA:AH = 54;20 : 39;30, 

DG:GH = 93;50 : 14;50, 
and DG.GH = 1391;51,40. 

Dividing [1391,51,40 by 2;4,14], we get 672; 13, the square root of which, 


3 " Correct would l>e 81; 13,28°. and this is the reading of BCL.Ger. However, all mss. agree in the 
reading lor the hall of this. 40;36,34°, which would seem to confirm Heiberg’s reading here. It is 
possible, however, that Ptolemy made an error in halving, and that the reading *8’ in AD is due to 
scribal correction. 

33 Ptolemy gives the computation for this at XII 6 p. 582. 

54 In the anomaly table for Mars (XI II), to an argument of 162° corresponds an equation of 
3:55°, and to 1SD 0 . 4;33°. Therefore to 1°, at about 20° from perigee, corresponds (4;33 - 3;55)/3 = 
12 ?'. 
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25;55,38, multiplied into the above ratio of©Z:ZG, gives, in terms of the above 
sizes of GA and AZ [i.e. 54;20 and 39;30], 

0Z = 31;24,3 P , 

GZ = 17;21,51 p in the same units, 
and, by addition, G0 = 48;45,54 p . 

Hence, where the hypotenuses AZ and AG are each [respectively] 

Z© = 95;23,42 p 
and G© = 107;42,7 P . 

The corresponding arcs are 

arc Z© = 105; 18,10° 
and arc G© = 127,*40,22°. 55 
Accordingly Z ZA© = 52;39,5° 
and Z GA© =63;50,11°. 

And, by subtraction, Z ZGA, which represents the [amount of] retrogradation 
due to the planet’s speed, is [90° - Z GA© =] 26;9,49°, while Z ZAH, which > 
represents the [motion in] apparent anomaly, is [ Z GA© - Z ZA© =] 11;11,6°. 

To the latter correspond [motions in] corrected longitude oi 20;33,42°, and in 
mean longitude of 16;52,52°, according to the ratios [of the speeds] at the 
perigee. 36 So half the retrogradation comes out as H483 

[26:9,49° - 20:33,42° =] 5:36,7° and about 32j d , 
and the total retrogradation is 

1I;12,14° and 6#. 


5. { Demonstration of the retro gradations of Venus] 

Again, in the case of the planet Venus [see Fig. 12.11], according to our 
calculations for mean distance, 

©Z:ZG = 1 : 0:37,31, 57 
EG:GZ = 2:37,31 : 0:37,31, 
and EG.GZ = 1:38,30. 

Furthermore, GA:AH = 60 : 43; 10, 

DG.GH = 103,10 : 16,50, 
and DG.GH = 1736;38,20. 

Dividing [1736;38,20 by 1;38,30], we get 1057;51, 58 the square root of which, 

55 Accurately, 127:40.3°. 

56 Cf. p. 567 n.31. Computation: 11;11,6° x 1 /0;40,11 = 16;42,3°, to which corresponds an 
equation of 3;40.50° [accurately 3;38,59°: it appears as if Ptolemy took the equation of (180° - 
I6;51°)]. 11; 11,6° + 3;40,50° = 14;51,56°, which multiplied by 1/0;52,51 gives 16:52,52° [accurately 
16:52,36°]. I6;52,52° + 3;40,50° = 20:33,42°. 

57 However one computes, 0;37,32 would be more accurate. From the relationship (IX 3 p. 424) 5 
revolutions in anomaly correspond to 8 revolutions in longitude less2i°, one finds 0;37,31,45 . . 
and the same from the mean daily motion carried to three places. Even taking only two places 
(0,36,59/0; 59,8), one gets 0;37,31,31 ... 

58 Reading va (with C 2 ) forV£(l057;50,6) at H483,22. The latter is Heiberg’s emendation for the 
reading of most mss., vg (1057;56), which I take to be a scribal corruption ofva. Correct to two 
fractional places is 1057;51,4, and that Ptolemy did not make a computing error is indicated by the 
amount given for the square root. The reading of D,Ar (1057,50,56) is also consistent with the 
square root, but seems to be*a conjectural (and baseless) correction of the corruotion 1057,56. 
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B 

Fig. 12.11 


H484 32;31,29, multiplied into the above ratio of©Z:ZG, gives, in terms of the above 

sizes of GA and AZ {i.e. 60 and 43; 10], 

0Z = 32;31,29 p , 

GZ = 20;20,ll p in the same units, 
and, by addition, GO = 52;51,40 p . 

Hence, where hypotenuses AZ and AG are each [respectively] 120 p , 

Z0 = 90;24,58 p 
and G0 = 105;43,20 p . 

The [corresponding] arcs are: 

arc Z0 = 97;47,0° 
and arc G0 = 123;31,49°. 

Accordingly Z ZA0 = 48;53,30° 
and Z GA0^61;45,54°. 

And, by subtraction, Z ZGA, which represents the [amount of] retrogradation 
due to the planet’s speed, is [90° - Z GA0 =] 28;14,6°, while Z ZAH, which 
represents the [motion in mean] anomaly, is [Z GA0 - Z ZA0 =] 12;52,24°. 
To the latter corresponds a motion in [mean] longitude of 20;35,19°, 59 
according to the above mean ratio [of the speeds], and half the retrogradation is 
computed to be 

[28; 14,6° - 20;35,19° =] 7;38,47° and about 20 t d . 

The total retrogradation is 

15;17,34° and 41 f d . 


5 * 12:52,24/0:37,31 is, accurately, 20;35,17. 
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[Hence] the distance at the elongation of the stations from apogee and 
perigee is [respectively] about 0;5 P of the mean distance [i.e. 60 p ] less than the 
greatest distance, and about the same amount greater than the least distance. 60 

According to our calculations for near greatest distance, the equation 
[corresponding to l c ] for correcting [the speeds] is found to be 2j'. sl Hence 
0Z:ZG = 0;57,40 : 0;39,51, 

EG:GZ = 2;35,11 : 0;39,51, 
and EG.GZ = 1;43,4. 

Furthermore GA:AH = 61; 10 : 43; 10, 

DG:HG = 104;20 : 18;0, 
and DG.HG = 1878;0. 

Dividing [1878 by 1:43,41, we get 1093; 16,23, the square root of which, 33;3,53, 
multiplied into the above ratio of@Z:ZG, gives, in terms of the above sizes of 
GA and AZ [i.e. 61;10 and 43:10], 

0Z = 31;46,44 p , 

GZ = 21;57,38 p in the same units, 
and, by addition, G0 = 53;44,22 p . 

Hence, where hypotenuses AZ and AG are each [respectivelv] 120**, 

Z 0 = 88;20,34 p 
and G0 = 105:25,44 p . 

The [corresponding] arcs are: 

, arc Z0 = 94:48,54° 
and arc G0 = 122:56,27°. 

Accordingly Z ZA0 = 47:24,27° 
and Z GA0 = 61:28,14°. 

And, by subtraction, Z ZGA, which represents the [amount of] retrogradation 
due to the planet’s speed, is [90° - Z GA0 =] 28:31,46°, while Z ZAH, which 
represents the [motion in] apparent anomaly, is [Z GA0 - Z ZA0 =] 14;3,47°. 
To the latter correspond [motions ot] 20; 19,3° in corrected longitude and 
21:9,3° in mean longitude, according to the ratios [of the speeds] at apogee. 62 
Thus half of the retrogradation comes to 

[28:31,46° - 20; 19,3° =] 8; 12,43° and about 21i d . 

The total retrogradation is 

16:25,26° and 43 d . 

According to our calculations for near least distance, the equation [cor¬ 
responding to an argument of 1°] for correcting [the speeds] is found to be the 
same amount, 2K M Hence 


60 For a true centrum (k) of 20;35,19 the distance of the centre of the epicycle is 61:10,6** 
(** 61;15 p - 5), and for k = 180° - 20;35,19° the distance is 58;49,41 p ~ 58;45 p + 5'. 

61 The increment between successive values of the equation in the anomaly table for Venus (XI 
11) is 14' for 6° of argument near the apogee, hence 2]' for 1°. However, one should take the 
increment between 18° and 24°, which is 15', leading to 2T for 1°. 

fi2 Cf. p. 567 n.31. Computation: 14;3,47° x 1/0;39,5I ~ 21° [accurately 21; 10,26°], to which 
corresponds an equation of 0*,50° [accurately 0;50,30°]. 14;3,47° - 0;50° = 13;13,47° *■* I3;13l°. 
13;13i° x l/0;37,31 = 21;9,3°, and 21:9,3° - 0;50° = 20:19,3°. 

63 This corresponds to an increment of 7' for an increment of 3° in the argument. In the anomaly 
table for Venus (XI11), near perigee, the increment is 7' between 165° and 162° and between 159° 
and 156°, but between 162° and 159°, which is the proper interval (k ** 20°), it is only 6'. 
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Z0:ZG = 1;2,20 : 0;35,11, 

EG:GZ = 2;39,51 : 0;35,11, 
and EG.GZ = 1;33,44. 

Furthermore GA:AD = 58;50 : 43; 10, 

DG:GH = 102;0 : 15;40, 
and DG.GH = 1598;0. 

H487 Dividing [1598 by 1;33,44], we get 1022;54,7, the square root of which, 
31;58;58, multiplied into the above ratio of©Z:ZG, gives, in terms of the above 
sizes of GA and AZ [i.e. 58;50 and 43; 10], 

0Z = 33; 13,36 p , 

GZ = 18;45,16 p in the same units, 
and, by addition, G0 = 51;58,52 p . 

Hence, where hypotenuses AZ and AG are each [respectively] 120 p , 

Z0 = 92;22,3 P 
and G0 = 106; 1,23 p . 64 
The [corresponding] arcs are: 

arc Z0 = 100;39,34° 
and arc G0 = 124;8,22°. 

Accordingly Z ZA0 = 50; 19,47° 
and Z GAG = 62;4,11°. 

And, by subtraction, Z ZGA, which represents the [amount ol] retrogradation 
due to the planet's speed, is [90° - Z GA0 =] 27;55,49°, while Z ZAH, which 
represents the [motion in] apparent anomaly, is [Z GA0 - Z ZA0 =] 
11;44,24°. To the latter correspond [motions of] 20;53,30° in corrected 
longitude, and 20:4,30° in mean longitude, according to the ratios [of the 
speeds] at perigee, 63 Accordingly half of the retrogradation comes to 
[27:55,49° - 20;53,30° =] 7:2,19° and about 20| d . 

The total retrogradation is 

14;4,38° and 40 ? d . 


H488 6. {Demonstration of the retrogradations of Mercury] 

Again, in the case of Mercury [see Fig, 12.12], accordingtoourcalculationsfor 
mean distance, 

0Z:ZG = 1 : 3;9,8, 66 
EG:GZ = 5;9,8 : 3;9,8, 
and EG.GZ = 16;14,27. 

Furthermore, GA:AH = 60 : 22i, 

DG:GH =: 82;30 : 37;30, 
and DG.GH = 3093;45. 

64 Calculation gives 106; 1,25*, and perhaps one should correct to that, which is the reading ofls. 
However, an arc of 124;8,22° agrees better with a chord of 106;l,23 p . 

65 Cf. p. 567 n.31. Computation: U;44,24° x 1/0;35,11 = 20;1,15° - 20°. To (180° - 20°) 
corresponds an equation of 0;49°. 11;44,24° + 0;49° = 12;33,24° ^ 12;33°. 12;33° x i/0;37,31 
* 20;4j° [accurately 20;4,16°]. 20;4i° + 0;49° = 20;53,30°. 

66 From the mean daily motions taken to 2 sexagesimal places (IX 4), 3;6,24/0;59,8 = 3;9,7,54~* 
3:9.8. 
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B 

Fig. 12.12 


Dividing [3093 ;45 by 16; 14,27], we get 190:29,31, the squa're root of which, 
13;48,7, multiplied into the above ratio oflines0Z:ZG, gives, in terms of the 
above sizes of GA and AZ [i.e. 60 and 22:30], 

0Z = 13;48,7 P , 

ZG = 43:30,24 p , 
and, by addition, G0 = 57; 18,3l p . 

Hence, where hypotenuses AZ and AG are each [respectively] 120 p , 

Z0 = 73;36,37 p , 
and G0 = 114;37,2 P . 

The corresponding arcs are: 

arc Z0 = 75;40,28° 
and arc G0 = 145;32,52°. 

Accordingly Z ZA0 = 37;50,14° 
and Z 0AG = 72:46,26°. 

And, by subtraction, Z ZGA, which represents the [amount of] retrogradation 
due to the planet’s speed, is [90° - Z 0AG =] 17; 13,34°, while Z ZAH, which 
represents the [motion in mean] anomaly, is [Z 0AG - Z ZA0 =] 34;56,12°. 
To the latter corresponds a motion in [mean] longitude of 11 ;4,59°, according 
to the above ratio [of the speeds], 67 and half the retrogradation is found by 
subtraction as 

[17;13,34° - 11;4,59° =] 6;8,35° and about 111 1 *. 

The total retrogradation is computed as 

12; 17,10° and 22i d . 


H489 


67 34;56,12/3;9,8 is indeed 11;4,59 (accurate to two places). 
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580 XII6. Mercury's retrogradation at greatest distance 

According to our calculations for near greatest distance, i.e. when the 
corrected longitude is about 11° from apogee (corresponding to a mean 
longitude of about 1 li°), the equation for correcting [the speeds] corresponding 
to 1° [of anomaly] is about 2;}'. 68 Hence 

0Z:ZG = 0;57,40 : 3; 11,28, 

EG:GZ = 5;6,48 : 3; 11,28, 
and EG.GZ = 16; 19,2. 

Furthermore, GA:AH = 68;36 : 22;30, 69 
DG:GH = 91 ;6 : 46;6, 
and DG.GH = 4199;42,36. 

Dividing [4199;42,36 by 16; 19,2], we get 257;22,44, the square root of which, 
16:2.35. multiplied into the above ratio of@Z:ZG, gives, in terms of the above 
sizes of GA and AZ [i.e. 68:36 and 22;30], 

0Z = \5;25& 

ZG = 5i;ll,43 p in the same units, 
and, by addition, G0 = 66:36.52 p . 

Hence, where hypotenuses ZA and AG are each [respectively] 120 p , 

Z0 = 82:14,8 P 
and G0 = 116:31,36 p . 

The corresponding arcs are: 

arc Z0 = 86:31,4° 
and arc 0G = 152;27,56°. 70 
Accordingly Z ZA0 - 43:15.32° 
and Z 0AG = 76:13,58°. 

And, by subtraction, Z ZGA, which represents the [amount ol] retrogradation 
due to the planet's speed, is [90° - Z 0AG =] 13;46,2°, while Z ZAH, which 
represents the [motion in] apparent anomaly, is [Z 0AG - Z ZA0 =] 
32;52:26°. 71 To the latter correspond [motions ol] 9:48,51° in corrected 
longitude and 10;16,51° in mean [longitude], according to the ratios [of the 
speeds] at the apogee. 2 Thus half the retrogradation is found bv subtraction as 
[13;46,2° - 9;48,51° =] 3;57,11° and about 10^. 

The total retrogradation is 

7;54,22° and 21 d . 

According to our calculations for near least distance (which occurs near the 


In the table ol anomaly lor Mercury (XI11), to an argument of 6° corresponds an equation of 
17', and to 12°, 32'. Thus to an increment of 6° corresponds an increment of 15', or, to l°,2i'. I have 
no explanation for the discrepancy. 

b9 The distance at apogee is 69 p ; hence Ptolemy assumes that the distance at the given situation is 
24' less. For tc = lli°, the distance (p) is in fact 68;37 p . It is about 68:36 p foric = 11;40°. 

70 Ptolemv has committed a considerable computing error here: the arc of the chord I16;31,36 p 
should be about 152;22°. 

71 As noted by Heiberg and Manitius, 76; 13,58 - 43; 15,32 in fact equals 32;58,26. But Ptolemy’s 
erroneous number is confirmed by the following calculations and by H500,23. It is worth noting that 
had Ptolemy used the correct arc of the chord 116;31,36** (cf. n.70), he would have found Z 0 AG*** 
76; 11° and Z ZAH ** 32;55°, which is closer to the text, but still not in perfect agreement. 

72 Cf. p. 567 n.31. Computation: 32;52,26° x 1/3; 11,28 ** 10;18°, to which corresponds an 
equation of0;28° [accuratelv 0;27,45°]. 32;52,26° - 0;28° = 32:24,26°, which divided bv3;9,8 gives 
10:16,51°. 10:16,51° - 0:28° = 9;48,5i°. 
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elongations of 120° in mean motion from the apogee), the equation for correct¬ 
ing (the speeds], derived from entering [the table] at around 11° either side of 
the perigees is approximately li'. 73 Hence 

0Z:ZG = 1; 1,30 : 3;7,38, 

EG:GZ = 5:10,38 : 3:7,38, 
and EG.GZ = 16; 11,25. 

Furthermore, GAiAH® 5 * 55;42 : 22;30, 74 
DG:GH = 78; 12 : 33; 12, 
and DG.GH = 2596; 14,24. 

Dividing [2596; 14,24 by 16; 11,25], we get 160;21,29, the square root of which, 
12;39,48, multiplied into each member of the above ratio of0Z:ZG, gives, in 
terms of the above sizes of GA and AZ [i.e. 55;42 and 22;30], 

0Z = I2;58,47 p 

ZG = 39:36,4 P in the same units, 
and, by addition, G0 = 52:34.5l p . 

Hence, where hypotenuses AZ and AG are each [respectively] 120 p , 

0Z = 69:13,31 p 
and 0G = 113;16,48 P . 

The corresponding arcs are: 

arc 0Z = 70:27,44° 
and arc 0G = 141:28,14°. 

Accordingly Z 0AZ = 35; 13,52° 
and Z 0AG = 70;44,7°. 

And, by subtraction, Z ZGA, which represents the [amount of] retrogradation 
due to the planet’s speed, is [90° - Z 0AG =] 19; 15,53°, while Z ZAH, which 
represents the [motion in] apparent anomaly, is [Z 0AG * Z 0AZ =] 
35:30,15°. To the latter correspond [motions ot] 11;39,30° in corrected 
longitude, and 11:21,30° in mean [longitude], according to the above ratios [of 
the speeds near the perigee].' 1 Thus half of the retrogradation is found by 
subtraction as 

[I9;15,53° - 11 ;39,30° =] 7;36,23° and about 111* 1 . 

The total retrogradation is 

15; 12,46° and 23 d . 

The amounts [of the retrogradations] we have demonstrated agree very 
closely with those derived from the actual phenomena associated with each 
planet. 


7:{ From the table of anomaly for Mercury (XI11) it can be seen that 1 ]' is a compromise between 
the two values derived on either side of the perigee: tolc = 108° corresponds an equation of2;56°, and 
to I? * 111°, 2:53°. Here, then, an increment of 1° produces 1'. For k = 129° and 132° one finds 2;24° 
and 2:18° respectively, and hence, for an increment of 1°, 2'. 

74 Cf. p. 580 n.69. Here, for a distance of ll]° in mean motion from ‘perigee’ (at fs 120°), one 
finds, for 1c = 131 f°, p = 55;4I,58 P (text 55;42 p ). On the other side of the perigee, however, for 
K = 1081°, p = 55;45,50 p . 

75 Cf. p. 567 n.31. Computation: 35;30,15° x l/3;7,38 = 11;21,11°, to which corresponds an 
equation of 18' [in fact 11:21,11° before the perigee leads to an equation of+15', and 11 ;21,1 \° after it 
to-23', i.e. 18' is, again, a compromise]. 35:30,15° +0; 18° = 35;48,15°, which divided by 3;9,8 gives 
11:21,30°. 11:21,30°+ 0:18°= 11:39,30°. 
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582 XII6. Method of computing \corrected longitude’ 

We used the following method to find the motions in longitude at greatest 
and least distances. 76 

For example, in the case of Mars [XII 4 p. 574], we showed that, near the 
greatest distance, 77 the apparent arc of the epicycle from either of the stations to 
opposition (i.e. the arc as viewed from the centre of the ecliptic) is 22; 13,19°. To 
the latter corresponds (according to the ratio 1 : 1;3,11) a motion in mean 
longitude of about 21;10°. 78 But the latter does not represent [the actual mean 
motion] accurately, since the ratios of the speeds which we set out for the 



stations do not remain unchanged throughout the whole period of retro- 
gradation. However, it is close enough to the truth so that the equation cor¬ 
responding to it (which is about 3;45 0 ) 79 is not significantly different f from the 
H494 true equation]. So we subtracted that [3;45°] from the 22; 13,19° of the epicycle 
(since at greatest distance the apparent motion on the epicycle is greater than 
the mean motion), and [thus] found that the corresponding mean motion in 
anomaly from either of the stations to opposition is 18;28,19°. To this, according 
to the ratio of the mean motions [0;52,51 : 1] corresponds a motion in mean 
longitude of20;58,21°. 80 So we adopted that as the accurate value instead of the 

76 There is no need to assume, with Neugebauer (note in Manitius, revised edition, p. 301) that 
the following passage has been displaced in antiquity from its rightful place in XII 4. For the 
method applies to all planets, not just Mars. It is quite in Ptolemy’s manner to attach an 
explanation or justification of a particular method as an appendix at the end of his general treatment. 
Of. V 19 pp. 267-73 and VI 4 p. 282. 

77 See Fig. R. The planet is at opposition (P) when the epicycle is at apogee, and at second station 
(S) when the epicycle is at a mean centrum"? from apogee. Then ’the apparent arc of (motion on) 
the epicycle’ is XS, and ‘the mean motion on the epicycle’ (which differs from it by the equations) is 
ZS. 

78 Accurately 21;6,8°. 

79 Accurately 3;46,15°. 

80 Accurately 20^8,15°. 
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[previous] 21; 10°, and subtracted from it the 3;45° of the equation (which 
remains very nearly unchanged for this position). [We subtracted] because at 
greatest distance the apparent motion in longitude is less than the mean. Thus 
we found the apparent motion in longitude as 17;13,21°, the interval set out 
above. 


7. {Construction of a table for the stations}* 1 

Furthermore, to enable us to investigate conveniently at what point on the 
epicycle each planet is when it produces the appearance of being stationary, for 
distances in the interval between mean distance and greatest or least distance as 
well, we have constructed 82 for this purpose a table with 31 lines and 12 H495 

columns. The first two of these columns will contain the numbers of the mean 
longitude at intervals of 6° (corresponding to the arrangement of the other * 
tables). The following 10 columns will contain the distances in corrected 
anomaly from the apparent apogee of the epicycle for each of the 5 planets: in 
each case the first column [of the pair for that planet] will contain the amount 
for first station, and the second column the amount for second station. We 
obtained the amounts for these [entries] too from the [numbers] demonstrated 
above for mean, least and greatest distances, and from the increments at 
distances in between these, which we happen to have determined already in 
[our computations of] the minutes to be tabulated in the eighth column of the 
tables for anomaly. 83 For in demonstrating the amount of the maximum 
equation of anomaly corresponding to each entry in mean motion, one 
simultaneously demonstrates the distance of the epicycle, which is the principal 
factor afTecting the difference in [the position of] the stations. 

But first, since the retrogradations which we demonstrated for near apogee 
and perigee represent, not the stations which occur when the centre of the 
epicycle is precisely at apogee and perigee, but those when it is a certain H496 
specified distance [from them], we used the latter to determine, for each planet, 
the amount corresponding to the actual apogee and perigee, as follows. 

In the case of Saturn and Jupiter, since the distances of the epicycle at actual 
apogee and perigee do not differ significantly from those at the elongations from 
apogee and perigee used above, we entered the amounts of anomaly (counted 
from apparent apogee of the epicycle) derived for those elongations on the 
appropriate lines, i.e. we entered the amount for apogee on the line with the 
argument ‘360’, and the amount for perigee on the line with the argument 
T80\ We showed that for Saturn [XII2, pp. 567-9] the distance [in anomaly] 
from the perigee of the epicycle at apogee of the eccentre is about 67; 15°, and at 
perigee of the eccentre about 64;31°; and that for Jupiter [XII3, pp. 571-2] it 
is 55;55° at apogee and 52;49° at perigee. For convenience in use, we entered the 

81 See HAMA 202-06, Pedersen 349-51. 

82 Reading peOtoSeoaapev (with D,Ar) at H494,20 for peOoSebopev (‘we construct’). 

83 Cf. XI 10 p. 547. It was necessary for Ptolemy to compute the distances of the centre of the 
epicycle all round the orbit in order to calculate the ‘minutes of interpolation’ in the planetary 
anomaly tables. 
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amounts fin anomaly] corresponding to these, counted from the apogee of the 
H497 epicycle, on the appropriate lines in the 4 columns following the [argument 
columns of] longitude: on the line with the argument ‘360* (for the apogee) [we 
entered], in the third column, T 12;45°* for the first station of Saturn, and, in the 
fourth column, ‘247; 15°’ for its second station; similarly, in the fifth column, 
‘124;5°* for Jupiter’s first station, and, in the sixth column, ‘235;55°* for its 
second station. And on the line with the argument ‘180* (for the perigee) [we 
entered], following the same order, ‘115;29°* and ‘244;31 0 *, and similarly 
‘127;11°* and ‘232,49°’. 

In the case of Mars, we showed [XII 4, pp. 573-4] that when the epicycle 
centre is 20;58° in mean [longitude] from the apogee of theeccentre, the planet 
performs its stations at a distance of 22; 13° [in anomaly] from the apparent 
perigee of the epicycle; and the [corresponding] amount [of anomaly] at mean 
distance is I6;51°, so that the difference is 5;22°. Furthermore, where the mean 
distance is 60 p , the greatest distance is 66 p and the difference between greatest 
and mean is 6 P , while at the above distance from the apogee [of 20;58°] the 
distance is 65;40 P84 and the difference between this and the mean is 5;40 p . So, 
H498 multiplying 6 into 5;22 and dividing the result by 5;40, we find that the 
difference with respect to the mean distance at the actual apogee is about 5;41°. 
Thus we calculate the distance [in anomaly] from the apparent perigee of the 
epicycle as [ 16;51° + 5;41° =] 22;32°, and from the apogee as, for the first 
station, 157;28°, which we enter in the seventh column on the line with k 360’, 
and, for the second station, 202;32°, which we enter in the eighth column on the 
same line. 

- Similarly [see p. 575], when the epicycle centre is 16;53° in mean [longitude] 
from the perigee [of the eccentre], [Mars] performs its stations at a distance of 
11; 11° [in anomaly] from the apparent perigee of the epicycle, so that the 
difference [in anomaly] from that for mean distance is [16;51° - 11; 11° =] 
5;40°. And, in the same units [as before], the least distance is 54 p (with a 
difference from the mean of 6 P ), and at the above elongation from the perigee of 
the eccentre it is 54;20 p , with a difference from the mean of 5;40 p . Thus at the 
actual perigee we get the total difference [in anomaly from the mean] as 
[5;40° x6t 5;40 =] 6°. Hence the amount [of anomaly] from apparent perigee 
of the epicycle is [16;51° - 6° =] 10;51°, and from the apogee, for the first 
H499 station, 169;9°, and for the second 190;51°, which we enter in the appropriate 
columns on the line with T80*. 

In the case of Venus, we showed [XII 5, pp. 576-7] that when it is 21;9° in 
mean longitude from the apogee [of the eccentre], the planet performs its 
stations at a distance of 14;4° [in anomaly] from the apparent perigee of the 
epicycle, while the [corresponding] amount at mean distance is 12;52°, so that 
the difference is i;12°. And, where the mean distance is 60 p , the greatest 
distance is 61; 15 p , and the difference from the mean l;15 p , while at the above 
elongation from the apogee the distance is 61; 10 p and the difference from the 
mean l;10 p . So, again, multiplying 1;15 into 1;12 and dividing the result by 


84 Cf. p. 573 with n.50. One should probably read and too aTcoyeioo (with D) at H497,21 (cf. 
H499,ll) Corrected by Manitius. 
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1;10, we find the difference [in anomaly] at the actual apogee with respect to 
that for the mean distance as 1; 17°. Thus we calculate the distance [in anomaly] 
from the apparent perigee of the epicycle as [12;52° + 1; 17° =] 14;9°, and from 
the apogee as, for the first station, 165;51°, which we enter in the ninth column 
on the line with ; 360 ! , and, for the second station, 194;9°, which we enter in the 
tenth column on the same line. 

Similarly [see p. 578], when the epicycle is about 20° in mean longitude from H500 

perigee of the eccentre, [Venus] performs its stations at a distance [in anomaly] 
of 11;44° from the apparent perigee of the epicycle, so that the difference with 
respect to [that for] mean distance is [12;52° - 11;44° =] 1;8°. And the least 
distance is 58;45 p where the mean is 60 p , and their difference is 1;I5 P , while the 
distance at the above elongation from the perigee is 58;50 p in the same units, 
and the difference from the mean 1; 10 P . So, multiplying 1; 15 into 1;8 and 
dividing the result by 1;10, we find the difference [in anomaly] at the actual 
perigee with respect to the mean distance as i;13°. Hence the amount of 
anomaly from the apparent perigee of the epicycle is [12:52° - 1; 13° =] 11;39°, 
and from the apogee, for the first station, 168;21°, and, for the second station, 

191;39°, which we enter in the same columns [i.e. the ninth and tenth 
respectively] opposite the number 35 ‘180'. 

In the case of the planet Mercury, we showed [XII 6, pp. 579-80] that when 
the epicycle is 10:17° in mean longitude from the apogee of the eccentre, the 
planet performs its stations at a distance [in anomaly] from the apparent 
perigee of the epicycle of 32:52°, while the [corresponding] amount at mean H501 
distance is 34:56°, so that the difference is 2;4°. Furthermore, where the mean 
distance is 60 p , the greatest distance is 69** and the difference between them 9*\ 
while at the above elongation from the apogee the distance is bS^ 15 , 86 and the 
difference from the mean 8;36 p . By the same procedure as before, multiplving9 
into 2;4 and dividing the result by 8:36, we find the difference [in anomaly] at 
the actual apogee with respect to that for the mean distance as about 2; 10°. 

Thus we calculate the distance [in anomaly] from apparent perigee of the 
epicycle as [34;56° - 2; 10° =] 32;46°, and from the apogee as, for the first 
station, 147:14°, which we enter in the eleventh column opposite the number 
‘360’, and for the second station 212,46°, which we enter in the twelfth column 
on the same line. 

Similarly [see p. 581], when the epicycle is 11 ;22° in mean [longitude] from 
the perigee, the planet performs its stations at a distance [in anomaly] from the 
apparent perigee of the epicycle of 35;30°, so that the difference from that for 
mean distance is [35;30° - 34;56° =] 34'. And the least distance is 55;34 p where H502 
the mean is 60 p , and their difference is 4;26 p , while at the above elongation from 
the perigee the distance is about 55;42 p , and the difference from the mean 4;18 p . 

So, again, multiplying 4;26 into 0;34 and dividing the result by 4; 18, we find the 
difference [in anomaly] at the actual perigee with respect to that for the mean 
distance as 0;35°. Hence the distance in anomaly from the apparent perigee of 

85 k erect tov tSv pH apiGjiov. One would expect xata xdu tSv p7rarixou (cf. e.g. H499,1-2,22), 
and that occurs (at least as an alternative reading) in L,Ger. But the same expression occurs at 
H501,14 and 502,12. 

86 Cf. p. 580 with n.69. 
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the epicycle is [34;56° + 0;35° =] 35;31°, and from the apogee, for the first 
station, 144;29°, and for the second station 215;31°. We enter the latter in the 
same [i.e. eleventh and twelfth] columns, in this case, however, not opposite the 
number ‘180’ of longitude, but opposite ‘120’ and ‘240’, since we have shown 
that the points of the planet Mercury’s eccentre closest to the earth are at those 
positions. 

Now that the above has been set out, the increments for the positions in 
between [apogee and perigee] can be obtained using the same methods. 

To take an example, let us set ourselves the task of finding the entries (in 
apparent anomaly) for first station when the mean position in longitude is 30° 
H503 from the apogee. At this situation the distance of the epicycle, for a mean 
distance in every case of 60**, calculated by the methods explained previously, is 
(as we stated before) 87 as follows: 

Saturn Jupiter Mars Venus Mercury 

63;2 P 62;26 p 65;24 p 61;6 P 66;35 p .” 

Hence the differences of each with respect to the mean (using the above order, 
to avoid repetition) are 

3;2 P 2;26 p 5;24 p 1;6 P 6;35 p 

But the differences between the distance at actual apogee and the mean, since 
the above amounts for the distance are in all cases greater than the mean, are, in 
the same units, 

3;25 p 2;45 p 6;0 P l;15 p 9;0 P . 

Now the total differences in apparent anomaly between apogee and mean 
distance come to (using the same order) 88 

1;23° 1;33° 5;41° 1; 17° 2;10° 

We multiply each of the latter in turn into the difference between the distance at 
that point and the mean for the planet in question (e.g. [for Saturn we multiply] 
1;23 into 3;2), and divide the result by the difference between greatest distance 
H504 [and mean], (e.g. [for Saturn] by 3;25), and thus get for the above position in 
longitude, for each planet, the following amounts of difference in anomaly with 
respect to that for mean distance; 

1;14° 1;22° 5;7° i;8° 1;35°. 

The distances [in anomaly] from the apparent apogee of the epicycle at the 
mean distances are: 89 

114;8° 125;38° 163;9° 167;8° 145;4°. 

The [corresponding amount] at greatest distance is greater than the above for 
Mercury, but less for the other planets. So for Mercury we add the difference 
which we found for the distance in question to that for the mean distance, but 
for the other planets we subtract it, and get the followingamounts, in apparent 

87 XI 10 p. 547. Sec that chapter for the method of calculating these quantities. 

88 Saturn (p. 567) Apogee 67; 15°, mean 65,52°, difference 1;23°. Jupiter (p. 571) Apogee 55;55° 
mean 54;22°, difference 1;33°. For the other amounts see pp. 584, 585, and 585. Although Ptolemy 
does not explicitly say so, logic demands, and the tables confirm, that for positions of the epicycle 
between mean distance and perigee one takes the corresponding differences in anomaly between 
mean distance and perigee (namely 1;21, 1;33,6;0,1; 13 and 0;35) and interpolates accordingly. Cf. 
HAMA 204 bottom. 

89 For the following amounts see L ZAH on pp. 565, 570,573,576, and 579, where in each case the 
supplements (i.e. the distances from apparent perigee) are given. 
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anomaly from the apogee of the epicycle, which are entered in the columns for 
first station opposite 30° of mean longitude: 

Saturn Jupiter Mars Venus Mercury 

112;54° 124; 16° 158;2° 166;0° 146;39°. 

We can immediately complete the columns for second station, by entering, for 
each [planet], 90 the difference from 360° of the amount for first station, [putting 
the result] in the column for second station on the same line. Thus at the above H505 
position [we enter] 

247;6° 235; 44° 201;58° 194;0° 213;21°. 

It is easy to see that if, for the sake of greater convenience, we should choose to 
enter, not the anomaly, taken with respect to the apparent apogee of the 
epicycle, but the uncorrected anomaly, taken with respect to the mean 
[epicyclic apogee], we can immediately derive this too, by taking in the table of 
anomaly the equation (combined [from the 3rd and 4th columns]) correspond-, 
ing to each argument of mean longitude, and subtracting it from the amount we 
found for the apparent anomaly on the 180° of the eccentre counted from 
apogee, but adding it for [longitudes from apogee] of more than 180°. 

The layout of the table is as follows. 


8. {Table of Stations} 91 
[See p. 588.] 


H506-7 


9. {Demonstration of the greatest, elongations from the sun of Venus and Mercury} 92 H508 

Now that we have gone through the theorems concerning retrogradations, next 
in the logical sequence is to demonstrate the greatest elongations of the planets 
Venus and Mercury from the sun, in each of the zodiacal signs, as derived from 
the above hypotheses. In setting out [the tables] for these, we have taken [the 
elongations] with respect to the apparent position of the sun, and assumed that 
the actual planets are at the beginning of the [respective] signs, and that the 
positions of their apogees with respect to the solstitial and equinoctial points are 
those which obtain in our time, namely, for Venus, in B 25°, and, for Mercury, 
in =£= 10°. It will be easy for those who come sifter us to correct for the change,in 
the greatest distances due to the shift in the apogees, using the same methods, and 
in any case the change remains negligible for a very long time. 

In order to make it easy to understand the method of our approach [to this 
problem], by way of example we must demonstrate, for Venus first, the greatest 

90 Deleting the word axtxou at H504.20. If kept, this would mean ‘on each line’. But, first, 

Ptolemy does not use tni in this sense, but Kaxri; secondly, it is hideously clumsy to follow £<p’ 
feicriaxou crcixou by Kata xc3v auxQv axixSv; and thirdly one needs a reference to each planet 
^exactly as at H504,l). This is an ancient interpolation, since it is in all mss. 

91 For Mars, argument 138° (H507,28), D,Ar have the readings 167;10° (also A 1 ) and 192;50°, 
which are more correct than the 167;8°, 192;52° adopted by Heiberg, and should perhaps l)e 
preferred. However, errors of as much as 2' occur elsewhere in the Mars table. 

9 'See HAMA 230-4, Pedersen 351-4. 
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XII 8. Table of planetary stations 

[TABLE OF STATIONS] 
(AMOUNTS IN CORRECTED ANOMALY) 


JUPITER 


2 45 
2 45 
JJ2 46 ] 247 14 


235 55 
235 54 
7 I 235 53 



MARS 

First 

Second 

Station 

Station 

157 20 

202 32 

157 29 ! 

202 31 

157 34 . 

202 26 



112 58 247 2 

113 3 246 57 

113 8 246 52 


246 45 
246 38 
113 29 246 31 


3 36 246 24 
3 44 246 16 
3 53 246 7 


114 I 245 59 
114 10 245 50 
114 18 245 42 


57 41 202 19 

57 50 202 10 

58 2 201 58 


158 18 201 42 
158 34 201 26 
158 55 201 5 


65 51 194 9 

65 52 194 8 

65 53 194 7 


65 55 194 5 

65 57 194 3 

166 0 194 0 


4 212 46 
3 212 47 
8 212 52 




146 25 213 35 
146 11 213 49 
145 55 214 5 


144 216 

150 210 


114 27 
114 35 
114 43 

245 33 
245 25 
245 17 

114 51 

114 58 

115 5 

245 9 
245 2 
244 55 

115 11 
115 16 
115 21 

244 49 
244 44 
244 39 | 


124 39 235 21 
124 47 235 13 
124 55 235 5 


234 57 
234 48 
234 38 


28 

19 

9 


126 0 234 0 

126 10 233 50 

126 19 233 41 



93 38 

145 39 

2 

93 31 

145 23 

2 

93 25 

145 8 

2 




28 192 32 

35 192 25 

167 43 192 17 


166 3 | 193 57 

166 37 193 23 

167 8 192 52 


144 40 215 20 
144 36 215 24 
144 33 215 27 


144 30 215 30 
144 30 215 30 
144 29 215 31 


144 29 215 31 
144 30 215 30 
144 31 215 29 


26 51 233 9 

26 57 233 3 

127 2 232 58 




168 46 

191 14 

168 17 

191 43 

168 59 

191 1 

168 19 

191 41 

169 8 

| 

90 52 

168 20 

191 40 

169 9 

1 

90 51 

168 21 

191 39 


H509 morning and evening elongations (as defined above) when the planet is at the 
spring equinox, [namely] at the beginning of Aries. 

Let [Fig. 12.13] the line through A, the apogee of the eccentre, be ABGDE, 
on which B is taken as the centre of uniform motion, G as the centre of the 
eccentre earn ing the epicycle, and D as the centre of the ecliptic. Draw GZ as 
radius of the eccentre, describe the epicycle H© about Z, and from D draw D© 
as tangent on the side of the epicycle which represents morning [visibility] and is 
in advance of it[s centre]. Join BZH and Z©, and drop perpendiculars GK, GL 
and BM. 

Then, since DA points towards 8 25° and D© towards the beginning of 
Aries, 

H510 AD© - I 55° where 4 right angles = 360° 

~ \ 110°° where 2 right angles = 360°°; 
and Z DGK = 70°° (complement). 
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E 

Fig. 12.13 


Therefore, in the circle about right-angled triangle GDK, 
arc GK = 110° 

and GK = 98; 18 P where hypotenuse GD = 120 p . 
Therefore where GD = l;15 p and the radius of the epicycle, Z0 = 43;10 p 
GK (= L0) = l;l p , 

and, by subtraction [of L0 from Z0], ZL = 42;9 P , 
where GZ, the radius of the eccentre, is taken as 60 p . 

Therefore where hypotenuse GZ = 120 p , ZL = 84;18 p , 
and, in the circle about right-angled triangle GZL, 
arc ZL = 89; 16°. 

Z ZGL = 89; 16°° where 2 right angles = 360°°. 

But Z DGK = 70°° in the same units, and Z LGK is right. 
Therefore, by addition. Z ZGD is found to be [89:16 + 70 + 180] = 339:16°°, 
and, by subtraction [from 2 right angles], Z AGZ = 20;44°°. 

Therefore, in the circle about right-angled triangle BGM, 
arc BM = 20;44° 

and arc GM = 159; 16° (supplement). 

Therefore the corresponding chords 

and GM I 118^ } where h >’P° tenuse BG = 12 ° P - 
Therefore where BG = l;15 p , and GZ, the radius of the eccentre, is 60 p , 
BM = 0:13 p , 

GM = l;14 p , 

and, by subtraction [of GM fr om GZ}, MZ = 58;46 p . 

Hence hypotenuse BZ [= \/BM 2 + MZ 2 ] = 58;46 p in the same units. 
Therefore, where BZ = 12CP, BM = 0;27 p , 
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and, in the circle about right-angled triangle BZM, 
arc BM = 0;26°. 

Z BZG = 0;26°° where 2 right angles = 360°°. 

And we showed that Z AGZ = 20;44°° in the same units. 

Therefore, by addition, Z ABZ, which represents the mean motion in longitude, 

. f 21; 10°° where 2 right angles = 360°° 
f 10;35° where 4 right angles = 360°. 
Therefore the mean position of the sun will be 10;35° in advance of the 
apogee at A, and, obviously, will be in y 14;25°. 

And the true position of the sun will be in 8 15; 14°. Therefore the planet, 
when it is at the beginning of Aries, will have a maximum morning elongation 
from the true sun of 45; 14°. 

Again, let there be drawn next [Fig. 12.14] the diagram with the tangent to 
the side of the epicycle which represents evening [visibility] and is towards the 



E 


Fig. 12.14 


rear of the epicycle [centre], while the planet, as before, is taken as being at the 
H512 beginning of Aries. 

By what was shown above, Z AD0 will remain the same, 

and Z DGK = 70°° where 2 right angles = 360°°, 
and GK = L© = l;l p 

where GZ, the radius of the eccentre, is 60 p , 
and Z0, the radius of the epicycle, is 43; 10 p . 

Therefore, by addition, ZL[= Z© + L0] = 44; 11 p in the same units. 

And it is obvious that, where hypotenuse [of triangle GZL] GZ = 120 p , 
ZL = 88;22 p , 

and, in the circle about right-angled triangle GZL, 
arc ZL = 94;51°. 

Z ZGL = 94;51°° where 2 right angles = 360°°, 
and Z ZGK = 85;9°° (complement). 
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So, by addition, Z ZGD(=Z BGM)[=Z DGK + Z ZGK]= 155;9°° in the same 
units. 

Hence, in the circle about right-angled triangle BGM, 
arc BM = 155;9° 

and arc GM = 24;51° (supplement). 

Therelore the corresponding chords 

and GM = *25;49 p } where h VP° tenuse BG = l2QP - 
Therefore, where BG = l;15 p , 

BM = l;13 p , 

MG = 0; 16 P , 

and, by addition, MZ = 60:16 p . 

Hence hypotenuse BZ [= s/BM 2 + MZ 2 ] = 60;17 p in the same units. 
Therefore, where BZ = 120 p , BM = 2;25 p * 
and, in the circle about right-angled triangle BZM, 


arc BM = 2; 19°. 


Z BZM = 2;19°° where 2 right angles = 360°°. 

And Z BGZ = 204;51°° in the same units, 
since Z DGZ was shown to be 155;9°° in those units. 

Therefore, by addition. Z ABZ, which represents the mean motion in 
longitude, 93 


J 207; 10°° where 2 right angles = 360°° 
romes to ■s 

\l03;35° where 4 right angles = 360°. 
Therefore the sun's mean position will be at [y 25° - 103;35° =] ~ 11 ;25° 
and its true position at ~ 13;38°. 

Thus the greatest evening elongation of the planet from the true sun, when, as 
before, it is at the beginning of Aries, will be 46;22°. 

In the case of the planet Mercury, in order to have a more convenient 
approach to the demonstrations of its missing phases which we shall give further 
on, 94 let us set ourselves the task of finding the maximum elongation of the 
planet from the true sun, as evening star when it is at the beginning of Scorpius, 
and as morning star when it is at the beginning of Taurus. 

Now, according to our hypothesis for Mercury, when the apparent position 
of the planet is given, the mean position in longitude cannot be found, since line 
GZ does not remain the same constant length, 95 always equal to the radius of 
the eccentre (as it does in the hypothesis for the other [planets]). But if the mein 
position in longitude is given, the apparent position can be demonstrated. So we 
assume, for each [zodiacal] sign, two positions in [mean] longitude which can 
bring the planet [at greatest elongation] near the beginning of the sign in 


H513 


H514 


9< Read ini; opa\ri<; Kara pretax; rapofiou (with D'G. Ar) at H5I3.15-16 for the nonsensical 
xr}<; opaA.% icai Kata p^icot; rcapoSou. Corrected by Manitius. 

94 The reference is to XIII 8 (p. 644). 

95 For the other planets (e.g. Venus, Fig. 12.14) this denotes the distance from the centre of the 
eccentre to the centre of the epicycle, but lor Mercury Ptolemy seems to be referring to a figure such 
as Fig. 9.9, where it denotes the distance from the equant point to the centre of the epicycle. These 
two amounts are indeed trigonometrically comparable. Ptolemy is correct in stating that, lor 
Mercury, one cannot lind the mean position from the true, at least by Euclidean geometry. 
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question, the first in advance [of the beginning of the sign], and the second to the 
rear [of it]; we compute the greatest elongations at the chosen positions, and 
thence 96 find the greatest elongation which occurs at the actual beginning of the 
sign. This will be easily comprehensible from the [particular] problems we have 
set ourselves to solve: and first for the greatest evening elongation at the 
beginning of Scorpius. 

H515 Let [Fig. 12.15] the diameter through the apogee A be ABGD, on which G is 
taken as the centre of the ecliptic, and B as the centre of the epicycle’s uniform 
motion. First let the epicycle centre be imagined as being precisely at the 


z 



D 

Fig. 12.15 


H516 


apogee, so that the mean position in longitude of the sun will be — 10°, and its 
true longitude — 8°. On centre A describe the epicycle ZH, draw GH as 
tangent to the side of it representing evening, and drop perpendicular AH. 

Then, since in our previous treatment [IX 9, p. 459] it was shown that where 
GA. the greatest distance, is 69 p , AH, the epicycle radius, is 22i p , 
where hypotenuse [of right-angled triangle AGH] AG = 120 p , 

AH = 39;8 P , 

and, in the circle about right-angled triangle AGH, 
arc AH = 38;4°, 

_ f 38;4°° where 2 right angles = 360°° 

~~ \ 19;2° where 4 right angles = 360°. 

And GA is at — 10°. 

Therefore the planet will have a position of ^ 29;2°, its maximum elongation 
from the true sun being 21;2°. 

'’’’By linear interpolation. 


and Z AGH = 
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Again, let [Fig. 12.16] the distance in mean longitude from the apogee be 3°: 
thus the mean sun will be at ^ 13°, and the true sun at — 11 ;4°. Draw BE and 
on centre E describe the epicycle ZH. As before, draw the tangent GH, and join 
EG, EH. Then at the situation in question, i.e. with Z ABE taken as 3°, by our 
previous methods one can show that the angle corrected for the eccentricity, 97 
Z AGE = 2;52°, 

and the distance of the epicycle in that situation, 98 

EG « 68;58 p where EH, the radius of the epicycle, is 22;30 p . 

z 



D 

Fig. 12.16 


and Z EGH 


arc j 

■fi 


Therefore, where hypotenuse EG = 120 p , EH = 39;9 P . 

Therefore, in the circle about right-angled triangle GEH, 
arc EH = 38;5°, 

f 38;5°° where 2 right angles = 360°° 

19;3°, approximately, where 4 right angles = 360°. 
Hence, by addition, Z AGH = 21;55° in the same units. 

So when the planet is at nf 1 ;55°, its greatest elongation from the true sun will be 
[TTi 1;55° - £= 11;4° =] 20;51°. 

And we showed that when it is at ^ 29;2°, its greatest elongation from the true 
sun will be 21;2°. 

Thus the difference between the longitudes is 2;53°, and the difference 
between the greatest elongations is 1T, and so to the 0;58° from the first position 


97 If the text is to be trusted here, this must be the meaning of Tffc napd xr|v ekkevt poTT|Ta 
Siatpopaq. But the normal reference of such an expression would be to the equation (of centre) kseli, 
not to the angle corrected by the equation. I strongly suspect that the phrase is interpolated (it is in 
the whole ms. tradition). 

98 By trigonometrical calculation. EG = 68;58.25 p , Z AGE = 2;52,10°. 
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XII9. Computation of Mercury's greatest elongations 

to the beginningofScorpius corresponds [a decrement in greatest elongation of] 
about 4', which we subtract from 21;2° to get the greatest evening elongation 
from the true sun [when the planet is] precisely at the beginning of Scorpius as 
20;58°. 

Next, to find the greatest morning elongation at the beginning of Taurus, let 
us suppose first that the mean position in longitude is 39° towards the rear from 
the perigee. Thus the mean sun is at 8 19°, and the true sun at 8 19;38°. Let 
there be drawn [Fig. 12.17] a figure similar [to the preceding], in which the 
H518 epicycle is described to the rear of the perigee, and the tangent is drawn to the 
morning side of the epicycle. 


R 



Then at the position in question, i.e. withZ DBZ taken as39°, by the method 
previously described one can show that 
Z DGE = 40:57°, ^ 

and that the distance at that moment, 

GE = 55;59 p where the radius of the epicycle, EH = 22;30 H . 
Therefore where hypotenuse [of right-angled triangle GEH] GE = 120 p . 

EH = 48:14 p 

and, in the circle about right-angled triangle GEH, 
arc EH = 47;24°. 

H519 . . ppu _ /47;24°° where 2 right angles = 360°° 

\ 23;42° where 4 right angles = 360°. 

And, by subtraction [from Z DGE], Z HGD = 17:15° in the same units. 
Therefore when the planet Mercury has a longitude of °P 27:15°, its greatest 
morning elongation from the true sun will be [ 8 19;38° - °P 27;15° =] 22;23°. 

For k = 219°. p = 55:59, l p , and k = 220:55,57°, hence Z DGE « 40:56°. 
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Again, let it be assumed to have a distance in mean longitude from the 
perigee, on the same side, of 42°. Thus the sun will have a mean longitude of 8 
22° and a true longitude of 8 22;31°. 

Then at this position, i.e. with Z DBZ taken as 42°, one can show that 
Z DGE = 44;4°, 
and that the distance at that moment, 

GE = 55;53 pl0 ° where the radius of the epicycle, EH = 22;30 p . 

Therefore, where hypotenuse EG = 120 p , EH = 48; 19 15 , 
and, in the circle about right-angled triangle EGH, 
arc EH = 47;30°. 

. / ppu - i 47;30°° where 2 right angles = 360°° 
\23;45° where 4 right angles = 360°, 
and, by subtraction [from Z DGE], Z HGD = 20; 19° in the same units. 
Therefore when the planet Mercury has a longitude of 8 0; 19°, 101 its greatest 
morning elongation from the true sun will be [ 8 22;31° - 8 0;19° =] 22:12°. ’ 
And we showed that when it has a longitude of^P 27; 15°, its greatest elongation 
(similarly defined) will be 22;23°. 

So, again, since the difference between the longitudes is 3;4°, and the difference 
between the greatest elongations is IT, to the 2;45° from the longitude at the 
first position to the beginning of Taurus correspond approximately 10'. So, 
subtracting the latter from the 22:23°, we get the greatest morning elongation 
from the true sun [when the planet is] at the beginning of Taurus as 22:13°. 

Q.E.D. 

In the same way we computed the greatest morningand evening elongations 
for both planets by calculation at [the beginning of] the other signs, and 
constructed a small table for them, with 12 lines (equal in number [to the signs]) 
and 5 columns. At the beginning we put, in the first column, the first points of 
the signs, starting with Aries. In the following 4 columns we put the 
corresponding computed greatest elongations from the true sun: the second 
contains the morning elongations of the planet Venus, the third its evening 
elongations, the fourth the morning elongations of Mercury, and the fifth its 
evening elongations. The table is as follows. 


100 Reading ve vy at H519.13 for ve v (SSiSO**). Calculation (for IT = 222°) gives p = 55;52,58 p . 
Although Ptolemy is capable of a computing error of this amount, he did not in fact make it, for the 
following calculations are consistent with 55;53 p and not with 55;50 p (thus 22;30 x 120/55;50 = 
48;21 {, whereas 55;53 leads to 48; 19, as the text). The error, though scribal, is old, since it is shared 
by all mss. 

101 Literally ‘of 19' of the first degree of Taurus'. 
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596 XII10. Table of greatest elongations of Venus and Mercury 
10. {Greatest elongations with respect to the true sun } 102 



VENUS 

MERCURY 

Beginning 

As 

As 

As 

As 

of the 

Morning 

Evening 

Morning 

Evening 

Sign 

Star 

Star 

Star 

Star 

¥ 

45 14 

46 22 

24 14 

19 36 

8 

45 17 

45 31 

22 13 

21 7 

n 

45 34 

44 49 

20 18 

23 41 


45 56 

44 25 

18 17 

26 16 

n 

46 20 

44 31 

16 35 

27 37 


46 38 

44 55 

16 8 

26 17 


46 45 

45 41 

17 46 

23 31 


46 47 

46 30 

21 32 

20 58 


46 30 

47 13 

26 9 

i9 28 


46 7 

47 35 

28 37 

19 14 


j 45 41 

; 47 34 

28 17 

18 51 


45 20 

47 7 

26 24 

19 0 


“* 2 Correction to Heiberg: omit (with G,Ar) the column of argument before the entries lor 
Mercury. Ptolemy’s own description indicates that it was not in the original. 

There are occasional computing errors of up to 5' in the entries. For Venus, ~, evening, the 
printed version of the Handy Tables (Halma III p. 32) has 47;37 (computed 47;39), but this greater 
accuracy seems coincidental, as the version in Vat. Gr. 1291, f. 90 r , agrees with the Almagest. For 
Mercury, 10*, evening, there is a serious computing error, as noted HAMA 234 n. 10.1 find 18:53, but 
all mss. known to me agree in 19; 14. 




Book XIII 


1. [On the hypotheses for the positions in latitude of the 5 planets ] 1 

The following two topics still remain to [complete] the treatment of the 5 
planets: their position in latitude with respect to the ecliptic, and the discussion 
of their elongations at their lirst and last visibilities with respect to the sun. For 
the second topic the latitudinal distances of each must also be taken into 
account first, since some considerable differences in the first and last visibilities 
occur due to that factor. So we shall again first set out the hypotheses which we 
assign to the inclination of the circles of all [five] in common. 

Now' [first], just as each [planet] appears to perform a twofold anomaly in 
longitude, each exhibits a twofold difference in latitude, one [varying] with 
respect to the parts of the ecliptic, and due to t he eccentre, the other with respect 
to [its elongation from] the sun, and due to the epicycle. Therefore in every case 
we suppose that the eccentre is inclined to the plane of the ecliptic, and that the H525 
epicycle is inclined to the plane of the eccentre. However, as we said [IX 6, p. 

443], no noticeable difference occurs in the longitudinal position or the 
demonstrations of the anomalies on account of such small inclinations, as we 
shall show later. 2 [Secondly,] from individual observations of every planet, [we 
see that] the planets appear exactly in the plane of the ecliptic when the 
corrected longitude is approximately a quadrant from the northern or southern 
limit of* the eccentre, and at the same time the corrected anomaly is 
approximately a quadrant from its own apogee. 3 So we suppose the inclinations 
of the eccentres to take place at the centre of the ecliptic (just as for the moon), 
and with respect to the diameters through the northern and 4 southern limits; 
and [we suppose] that the inclinations of the epicycles take place with respect to 
that diameter of the epicycle which points towards the centre of the ecliptic, on 
which its apparent apogee and perigee are observed. 

Moreover, in the case of the 3 planets Saturn, Jupiter and Mars, we have 
observed that when their longitudinal positions are in the section of the eccentre 
farther from the earth they are always 3 north of the ecliptic, and are more H526 

1 On chs. 1 and 2 see HAMA 206-7, Pedersen 355-61. 

2 See XIII 4 pp. 608-22. 

3 I.e. from the true apogee of the epicycle. 

4 One would expect Kai (text q), and xai was apparently read by al-Hajjaj. If one keeps the text, 
one has to understand ‘through [the centre of the ecliptic] and the northern or southern limits’. 

s Excising to trXeTarov at H525,23, with Ar. It is a gloss (‘for the most part’) put in by a 
commentator to qualify det: since the northern limit does not quite coincide with the apogee 
(except for Mars), the planets are not always north oi the ecliptic when on the semi-circle containing 
the apogee. 
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northerly for positions at the perigee of the epicycle than lor those at the 
apogee; 6 but that when their longitudinal positions are in the section of the 
eccentre nearer the earth, quite the opposite, they appear south of the ecliptic. 
And [we have observed] that the northern limit of the eccentre is, for Saturn 
and Jupiter, around the beginning of the sign of Libra, and, for Mars, around 
the end of Cancer, almost exactly at its apogee. From these [observations] we 
conclude that the parts of their eccentres in the above-mentioned regions of the 
zodiac are inclined towards the north, and the diametrically opposite parts 
[depressed] by an equal amount towards the south, and that the parts of the 
epicycle nearer the earth are always inclined in the same direction as the 
eccentre, 7 while the diameter [of the epicycle] at right angles to the diameter 
through its apogee always remains parallel to the plane of the ecliptic. 

In the case of Venus and Mercury, however, we have observed that [firstly], 
when their longitudinal positions are at the apogee or perigee of the eccentre, 
then positions at the perigee of the epicycle do not difTer at all in latitude from 
H527 positions at the apogee [of the epicycle]: rather they are either north or south of 
the ecliptic by an equal amount, always north for Venus, always south, on the 
contrary, lor Mercury; whereas their positions at the greatest elongationsdiffer 
[in latitude] from each other by the greatest amount (that is, the morning 
greatest elongations diller from the evening greatest elongations), while they 
differ from the positions at apogee and perigee of the epicycle (i.e. from the 
difference [in latitude] due to the eccentre) 8 by an equal amount, [but] in 
opposite directions: the greatest elongation which is towards the rear [of the 
epicycle centre] and in the evening is, for Venus, more northerly [than the 
morning one] at the apogee of the eccentre and more southerly at the perigee, 
while for Mercury the opposite is true, it is more southerly at the apogee [of the 
eccentre] and more northerly at the perigee. [Secondly, we have observed that,] 
when their corrected longitudinal positions are at the nodes, then a distance of a 
quadrant on either side of apogee or perigee of the epicycle brings [the planet] 
into the plane of the ecliptic, whereas positions at the perigee [of the epicycle] 
have the greatest dilference [in latitude] from positions at the apogee: for Venus 
this inclination is towards the south at the node on the semi-circle on which the 
H528 equation is subtractive, 9 and towards the north at the opposite [node]; for 
Mercury the opposite is again true: at the node on the subtractive semi-circle 
the inclination is towards the north, at the opposite one towards the south. 
From this too, then, we conclude that the inclination of the eccentre is also 
variable, and that its variation has the same period as the epicycle [on the 

6 Excising tw rcXeiarq) tote at H526,l. This would have to mean ‘the amount by which they are 
more northerly for apogee positions than for perigee positions is greatest at that point’, where tote 
refers to the apogee of the eccentre. But in fact the point where this occurs is not the apogee, but the 
northern limit, and in any case this refinement is simply not appropriate here. 

7 I.e. if the eccentre is north of the ecliptic, the perigee of the epicycle is north of the eccentre. and 
if it is south, south. 

8 At the positions in question (at apogee or perigee of the eccentre) the diameter of the epicycle 
through apogee and perigee of the epicycle lies in the plane of the eccentre, hence the latitudinal 
effect comes entirely from the inclination of the eccentre. 

*This nomenclature is used, rather than ‘ascending’ and ‘descending’ (as for the moon and the 
outer planets), because the effect of the inclination of the eccentre is always in one direction (north 
for Venus and south lor Mercury). Cf. Manitius p. 328 n.a) and Pedersen 376. 
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eccentre]: when the epicycle is in the nodes, the eccentre is in the same plane as 
the ecliptic, but when [the epicyle] is at apogee or perigee, the eccentre produces 
the greatest difference in the epicycle’s latitude, making it most northerly for 
Venus and most southerly for Mercury. [We also conclude that] the epicycle 
brings about two variations [in latitude]: it produces the greatest inclination of 
the diameter through the apparent apogee at the nodes of the eccentre, and the 
greatest ‘slant’ (let us use this term to distinguish this kind of angular variation) 
of the diameter at right angles to the former at the apogee and perigee of the 
eccentre. Contrariwise, it brings the first [diameter] into the plane of the 
eccentre at its [the eccentre’s] apogee and perigee, and brings the second 
diameter into the plane of the ecliptic at the above-mentioned nodes. 


2. {On the type of the motions in inclination and slant according to the hypotheses ) 10 

The general structure of the hypotheses, then, which we infer is as follows. The 
eccentric circles of [all] 5 planets are inclined to the plane of the ecliptic about 
the centre of the ecliptic. But in the case of the 3 planets Saturn, Jupiter and 
Mars the eccentre has a fixed inclination, so that diametrically opposite 
positions of the epicycle have opposite directions in latitude, whereas in the case 
of Venus and Mercuiy the eccentre moves together with the epicycle in the 
same latitudinal direction, for Venus always to the north, for Mercuiy always to 
the south. The epicycle [for all 5 planets] has the diameter through its apparent 
apogee moved from a starting-point in the plane of the eccentre, by a small 
circle which we may suppose attached to the end [of the diameter] nearer the 
earth. This circle is of a size corresponding to the appropriate [maximum] 
deviation in latitude, is perpendicular to and centred in the plane of the 
eccentre, and revolves with uniform motion, with a period equal to that of the 
motion in longitude, from one end of the intersection of its own plane and the 
plane of the epicycle towards the north (by hypothesis), carrying with it the 
plane of the epicycle: in its revolution through the first quadrant it carries the 
epicycle’s plane, obviously, to the northern limit, in the second back to the 
plane of the eccentre, in the third to the southern limit, and in its return to [the 
end of] the remainingquadrant back to the original plane. We also [infer] that 
the origin and point of return of this revolution is for Saturn, Jupiter and Mars 
the ascending node, for Venus the perigee of the eccentre, and for Mercury the 
apogee of the eccentre. 11 The diameter [of the epicycle] at right angles to the 
aforementioned, in the case of the 3 [superior] planets, as we said [p. 598], 
always remains parallel to the plane of the ecliptic, or at any rate is not inclined 
to it by a significant amount, but in the case of Venus and Mercury it too 
is carried from a starting-point in the plane of the ecliptic by a small circle 
which we may suppose attached to the rearward end, w hich is again of a 
size corresponding to the appropriate [maximum] deviation in latitude, 

J0 On the mechanism imagined by Ptolemy (and in particular the ‘small circles’) the best 
discussion is by Riddell, ‘Latitudes of Venus and Mercury’, despite occasional inaccuracies due to 
his use of Taliaferro's faulty translation. 

11 Tt is essential to change Hetberg's punctuation from a comma to a full stop at H530,13. 
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perpendicular to the plane of the ecliptic, and centred on the diameter 12 
parallel to the ecliptic. This circle revolves, with a speed equal to that of the 
H531 other [small circle], from one end of the intersection of its plane and the plane of 
the epicycle towards the north, again by hypothesis, and carries with it the 
evening [i.e. rearward] 13 end of the aforementioned diameter in the same order 
as before. For this too the origin and point of return of the similar type of 
revolution is, in the case of Venus, at the node in the additive semi-circle, and, 
in the case of Mercury, at the node in the subtractive semi-circle. 

However, we must make the following assumption concerning those small 
circles which produce the motions in latitude of the epicycles: they too are, 
indeed, bisected by the planes about which we declare that the variations in 
latitude take place; for that is the only way in which it can come about that their 
[the epicycles’] motions in latitude are equal on both sides [of the planes]. 
However, their revolution in uniform motion takes place, not about their own 
centres, but about some other point which will produce in the small circle an 
eccentricity corresponding to [the eccentricity] of the planet in longitude in the 
ecliptic. For since the times of revolution on the ecliptic and the small circle are, 
by hypothesis, equal, and the arrivals at the quadrants in both [circles] also 
H532 correspond to each other, according to the [observ ational] phenomena, if the 
[uniform] revolution of the small circle were to take place about its own centre, 
the desired result would not be achieved; since [in that case] each of the 
quadrants of the small circle would be traversed in an equal time, while the 
quadrants of the ecliptic traversed by the epicycle would not be, because oft he 
eccentricity assumed for each planet. But if [the uniform revolution of the small 
circle takes place] about a point placed similarly to the [centre of uniform 
motion] in the eccentre, the returns in the inclinations will also traverse the 
corresponding quadrants of the ecliptic and the small circle in equal times. 14 

Now let no one, considering the complicated nature of our devices, judge 
such hypotheses to be over-elaborated. For it is not appropriate to compare 
human [constructions] with divine, nor to form one’s beliefs about such great 
things on the basis of very dissimilar analogies. For what [could one compare] 
more dissimilar than the eternal and unchanging with the ever-changing, or 
that which can be hindered by anything with that which cannot be hindered 
even by itself? 1 * Rather, one should try, as far as possible, to fit the simpler 
hypotheses to the heavenly motions, 16 but if this does not succeed, [one should 
apply hypotheses] which do fit. For provided that each of the phenomena is 
H533 duly saved by the hypotheses, why should anyone think it strange that such 

l *Ct. Manitius’ note p. 331 b). IPdiameter' is to make any sense here, it must be a diameter of the 
epicycle which is parallel to the ecliptic (at a certain point in the orbit), and notionallv remaining 
there all the time, even when the epicycle is ‘slanted’. Cf. HAMA 1279 Fig. 219a (where the line 
through A is parallel to the ecliptic), and Riddell Fig. 4 and p. 101. 

u 7tpd<; EOTtEpav, literally ‘toward evening’, which one would expect to mean ‘western’. But the 
sense demands ‘eastern’, and. If the text is correct, one must interpret it, with the Arabic translators, 
as ‘the side of the epicycle where the planet appears as evening star’, cf. H511,22, ta fca7repia xa't 
fcjropeva tot) femicuicXou. 

,4 It is essential to correct Heiberg’s punctuation of this passage by deleting the comma after 
TCTapTTipopiwv (H532,9) and inserting one after £kkevtpou (H532,8). 

15 I.e. the substance of the heavenly bodies, the ‘fifth essence’. Cf. p. 36 n.8. 

1,1 On this principle of simplicity see p. 136 n.17. 
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complications can characterise the motions of the heavens when their nature is 
such as to afford no hindrance, but of a kind to yield and give way to the natural 
motions of each part, even if [the motions] are opposed to one another? Thus, 
quite simply, all the elements can easily pass through and be seen through all 
other elements, and this ease of transit applies not only to the individual circles, 
but to the spheres themselves and the axes of revolution. VVe see that in the 
models constructed on earth the fitting together of these [elements] to represent 
the different motions is laborious, and difficult to achieve in such a way that the 
motions do not hinder each other, while in the heavens no obstruction whatever 
is caused by such combinations. Rather, we should not judge ‘simplicity’ in 
heavenly things from what appears to be simple on earth, especially when the 
same thing is not equally simple for all even here. For if we were to judge by those 
criteria, nothing that occurs in the heavens would appear simple, not even the 
unchanging nature of the first motion, since this very quality of eternal 
unchangingness is for us not [merely] difficult, but completely impossible. H534 
Instead [we should judge ‘simplicity’] from the unchangingness of the nature of 
things in the heaven and their motions. In this way all [motions] will appear 
simple, and more so than what is thought ‘simple’ on earth, since one can 
conceive of no labour or difficulty attached to their revolutions. 


3. {On the amount of the inclination and slant for each [planet]} 11 

From the above considerations one may infer the general situation and 
arrangement of the inclinations of the [various] circles. But [concerning] the 
actual size for each planet of the arc cut olf by the inclination on the great circle 
drawn perpendicular to the plane of the ecliptic through the poles of the 
inclined circle 18 (with respect to which [great circle] the positions in latitude are 
measured), this is readily calculated in the case of Venus and Mercury' from the 
apparent positions in latitude at the situations described. 

For when their motion in longitude brings them to apogee or perigee of the 
eccentre, if the planet’s position is at perigee or apogee of the epicycle, they H535 
appear, as we said, (operating from nearby observations), 19 an equal amount 
either north or south of the ecliptic: Venus always about* 0 north, and Mercury 
always 4 ° south. Hence [we conclude that] the inclinations of the eccentres are of 
that size for each. But if they are at a greatest elongation from the sun, both 
planets appear about 5° (in the mean) farther north or south than at the 
opposite greatest elongation: for Venus has an apparent difference in latitude of 
the kind mentioned [i.e. between greatest morning and evening elongations] of 
negligibly less than 3° at the apogee of the eccentre, and negligibly greater than 
5° at the perigee, while Mercury has about [less and greater than 5° in 

17 On chs. 3 and 4 see HAMA 208-16, Pedersen 361-85, Riddell, ‘Latitudes of Venus and 
Mercury’. 

18 ‘inclined circle: deferent or epicycle as the case may be. 

19 From nearby observations’ because the planets are invisible when precisely at apogee or 
perigee of the epicycle. Correct Heiljerg’s punctuation by inserting a comma alter ok; gcpapev (‘as 
we said’), which cannot refer to the use of nearby observations, but only to the fact that the planet is 
north or south etc. (as p. 599). 
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latitudinal difference at apogee and 180° from apogee respectively]. Hence the 
slant of the epicycle to either side of the plane of the eccentre subtends about 2i°, 
in the mean, of the [great] circle orthogonal to the ecliptic. From this [quantity] 
the size of the angles formed by the slant of the epicycle to the plane of the 
eccentre [for each planet] can be found, as will become clear in our proofs 
H536 concerning them in what follows [XIII 4, p. 625] (so as not to fragment, at this 
point, our discussion of the inclinations, which will treat the five planets in 
common). 

But when their corrected motion in longitude brings them to the nodes and 
[hence] very nearly to mean distance: then Venus, when its position is near the 
apogee of the epicycle, appears 1° north or south* 0 of the ecliptic, and, when its 
position is near the perigee, about 6i°: hence the inclination of its epicycle too 
cuts olf 2:° of the great circle drawn through its poles in the way described; for 
we find from the [table for] epicyclic anomaly that at mean distance that amount 
[2^°] subtends at the observer’s eye an angle of 1 ;2° for [the planet at] the apogee 
of the epicycle, and 6;22° for [the planet at] the perigee. 21 As for Mercury, when 
its position is near the apogee of the epicycle, as one can calculate from the 
phases nearest to it, it is north or south of the ecliptic 22 by li°, and, when near 
the perigee, about 4°; hence the inclination of its epicycle comes to 6i°. For 
H537 again we find from the [table for] epicyclic anomaly that at the distances of 
greatest inclination, that is when the corrected longitude is a quadrant from 
apogee, that amount [6i°] subtends, at the observer's eye, 1:46° for [the planet 
at] the apogee of the epicycle, and 4;5° for [the planet at] the perigee. 23 

In the case of the other planets, Saturn, Jupiter and Mars, there is no method 
for finding the sizes of the inclination immediately [from the observational 
data], since both inclinations, that connected with the eccentre and that 
connected with the epicycle, are always intermingled: however, once again, 
from the latitudinal positions observed at perigee and apogee of eccentre and 
epicycle, we determine each inclination separately in the following manner. 

[See Fig. 13.1.] In the plane orthogonal to the ecliptic let the intersection with 
it of the plane of the ecliptic be AB. and of the plane of the eccentre, GD. Let 
point E be the centre of the ecliptic, and at the intersection of the planes, [that of 
the eccentre and that orthogonal to the ecliptic], draw, 24 in the defined plane, 
about G, the apogee of the eccentre, and about D, the perigee, equal circles 
H538 ZH0K and LMNX to represent the circles through the poles of the epicycles. 
On these circles let the planes of the epicycles [be drawn] on lines HGK and 
MDX, inclined, obviously, at equal angles at G and D. From E, the centre of 


20 See HAMA 1279 Fig. 219b: Venus at apogee is north for k 0 = 90°, south for k 0 = 270°. 

21 For the rationale of this calculation see//.-l AH 215. From Table XI 11, col. 6. to an argument 

of 2l° near apogee corresponds an equation of anomaly of 2;31° x 2} 6 1;2°, while to 2\° near 

perigee corresponds 7;38° x 2]/3 * 6;22°. 

22 See HAMA 1280 Fig. 221: Mercury at apogee is north for k 0 = 270° and south for K 0 = 90°. 
21 See HAMA 216 (which lias several small errors). The corrected longitude for Mercury is 

exactly 90° from apogee when the mean longitude is 92:52°. From Table XI11, cols. 6-8. one finds, 
for £ = 92:52° and a = 6i°, an equation of 1:45,51°, and for k = 92;52° and a = 173 i°, an equation of 
4:4,47°, confirming Ptolemy’s calculations. 

24 Excising te after yEypdtpOcooav at H537,20 (with D). Alternatively one could put a strong stop 
after E7UitE5<ov at H537.19 (with A,Is), and translate 'Let point L be the centre of the ecliptic and at 
the intersection of [ail three] planes. Then draw. . . .’ 
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the ecliptic, at which the observer’s eye is, draw straight lines joining it to the 
apogees and perigees of the epicycles, EH and EM to the apogees, and EK and 
EX to the perigees. It is clear that points K and X will represent the positions at 
opposition, and H and M those at conjunction. 

For Mars, then, we obtained the positions in latitude round about the 
oppositions occurring at the apogee of the eccentre (that is, round about point 
K of the epicycle), and also round about the oppositions occurring at the 
perigee of the eccentre (that is, round about point X of the epicycle), since the H539 
difference between them is quite noticeable. At the oppositions near the apogee 
it is 4t° to the north of the ecliptic, and at those near the perigee about 7° to the 
south. Thus 

and Z BEX = %} where 4 right angles = 360 ° 

With that as data, we find the angle formed by the inclination of the eccentre, 
namely Z AEG, and that formed by the inclination of the epicycle, namely 
Z HGZ. in the following manner. 

Since it is easy to see from our demonstrations of the anomalies of Mars that, if 
one considers the angles subtended at the observer’s eye by equal arcs of the 
epicycle near its perigee, those for positions near the apogee of the eccentre bear 
to those for positions near the perigee [of the eccentre] a ratio of approximately 
5:9, 25 and since 

arc 0K = arc NX, 

25 For the derivation oi this ratio from the anomaly table see HAMA 209-10, Pedersen 363 (with 
the correction Toomer [3], 14*1). 
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it follows that Z GEK:Z DEX = 5:9. 

H540 So, since angles AEK and BEX are given, 
and the ratio of Z GEK:Z DEX is given, 
and Z AEG = Z BED, 

if we form the difference between the magnitudes of the whole [angles, i.e. 
Z AEK andZ BEX], and the difference between [themembersof] theratio[i.e. 5 
and 9], take the fraction which the first [difference] is of the second, and take 
that fraction of each [member of the] ratio, we will get the magnitude 
corresponding to each part of the ratio. This can be proven by means of an 
arithmetical lemma. 26 

So, since the magnitudes are 4j and 7, and their difference 2?, 
and the ratio is 5:9 and the difference 4. 
and 2$ is two-thirds of 4, 

we take two-thirds of 5 and 9 [respectively], and get 
Z GEK = 3i° and Z DEX = 6°. 

Accordingly, by subtraction, 

Z AEG = Z BED = 1°, the inclination of the eccentre. 

Hence arc 0K, representing the inclination of the epicycle, is 2i°, lor from the 
table of anomaly we find that that amount [2i°] corresponds approximately to 
the quantities we found for the angles GEK and DEX. 27 

In the case of Saturn and Jupiter, we find that the [latitudinal] positions 
occurring near the apogee of the eccentre are not sensibly different from those 
H541 diametrically opposite, near the perigee. So we computed the required results 
in another way, by comparing the [latitudinal positions] near apogee of the 
epicycle with those near perigee. It has become clear to us from individual 
observations that at positions near first and last visibilities the maximum 
deviation to north and south is about 2° for Saturn and 1° for Jupiter, while for 
positions near opposition [the maximum latitudinal deviation] is about 3° for 
Saturn and 2° for Jupiter. Now for these planets too it is obvious from the [table 
for] anomaly that, if one considers the angles subtended at the observer’s eye by- 
equal arcs near apogee and perigee of the epicycle, the angles subtended by arcs 
near apogee bear a ratio to those subtended by arcs near perigee of 18:23 for 
Saturn, and 29:43 for Jupiter; 29 
and arcs ZH and ©K of the epicvcle are equal. 

_ f 18:23 for Saturn 
~f29:43 for Jupiter. 

But Z HEK, which is the difference between the two latitudes [at apogee and 


So Z ZEH: Z ZEK = - 


26 Given two magnitudes A, B, and the ratio l:m of two other magnitudes, C, D such that 
A = x + C, B = x + D, the lemma states that 
C = I x (B - A)/(m - 1), D = m x iB - A)/(m - 1). 

Proof: Since D/C = m/I, (D - C)/C = (m - l)/l. 

But D - C = B - A 
C = 1 x (B - A)/(m - 1); 

D = C x m/l = m x (B - A)/(m - l). 

27 For the method see p. 602 n.21. Here, from Table XI 11, cols. 5-7. for argument 
a = (180° - 2i°) at greatest and least distance respectively, one finds (5;45 - 1; 16 ) x 2l/3 ** 3;22° and 
(5;45 + 2:20) x 2i/3 - 6;4° (text 3j° and 6°). 

28 See HAMA 211, where however one should change to Ch lor Saturn and $ for 

Jupiter, in exact agreement with Ptolemy. 
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perigee of the epicycle], is, by subtraction, 1° for both planets. Therefore, if we 
divide that 1° in the above ratios, we get 

0;26° for Saturn 
0;24° for Jupiter, 
j 0;34° for Saturn 
>;36° for Jupiter, 
the inclination of the eccentre 
2;26° for Saturn 
1;24° for Jupiter. 

Instead of these, to achieve greater symmetry', we have adopted the round 
numbers 2:° and 1 J°. Then arc ©K, representing the inclination of the epicycle, 
can immediately be computed as 4^° for Saturn and 2\° lor Jupiter. For again, 
in the tables of anomaly for each planet, those were the amounts which 
correspond approximately to the quantities we found for angles ZEH and 
ZEK.' 9 

Q.E.D. 


Z ZEH = ■ 
and Z ZEK = 

So, by subtraction [from Z AEK] 
Z AEG = \ 


4. {Construction of tables for the individual positions in latitude J 

From the above, then, we established the generally applicable quantities ofthe 
greatest inclinations of eccentres and epicycles. But in order that we may be 
able to conveniently and systematically find the positions in latitude for a given 
moment for the individual distances [from apogee] as well, we constructed 5 
tables for the 5 planets. Each contains the same number of lines as the tables for 
anomaly [i.e. 45], and 5 columns. The llrst 2 of these columns comprise the 
arguments, in the same way as in those [tables for anomaly]; the third column 
contains the latitudinal distances from the ecliptic corresponding to the 
particular degrees of [motion on] the epicycle, under the assumption of greatest 
inclination - for Venus and Mercury this is the inclination at the nodes ofthe 
eccentre, and for the other 3 planets the inclination at the northern limit ofthe 
eccentre. For the latter the fourth column will contain the similar corresponding 
amounts at the southern limit, and in the case of these 3 planets the maximum 
deviation to north and south ofthe eccentres too has also been included in the 
computation. The way in w hich we determined these quantities for Venus and 
Mercury again rested on a single theorem [for both], as follows. 

[See Fig. 13.2] In the plane orthogonal to the ecliptic let ABG be the 
intersection with it ofthe plane ofthe ecliptic, and DBE the intersection [with 
it] ofthe plane ofthe epicycle. Let A be the centre ofthe ecliptic, B the centre of 
the epicycle, and AB the distance of the epicycle at the greatest inclination. 
About B describe the epicycle DZEH, 30 and draw diameter ZBH perpendicular 


29 Sec p. 602 n.21. Here, 1'rom Table XI11, col. 6 for Saturn, 0;36 x 4i/6 = 0;27° (text 6;26°), and 
0;23 x 41/3 = 0;34,30° (text 0;34°); for Jupiter 0;58 x 2$/6 = 0;24,10° (text 0;24 o ); 0;43 x 2i/3 = 
0:35.50 (text 0;36). 

30 Note that G is not a point on the epicycle, as might appear from Fig. 13.2 and from the 
corresponding figure for Mercury, Fig. 13.4. To make the various planes in this three-dimensional 
figure clearer it has been redrawn as Fig. S. 
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G 



R 

Fig. 13.2 


to DE. Let the plane of the epicycle too be taken as perpendicular to the 
assumed plane [that orthogonal to the plane of the ecliptic], so that when lines 
are drawn in it perpendicular to DE, all will be parallel to the plane of the 
ecliptic, excepting only ZH, which will lie in the plane of the ecliptic. 

Then let the problem be, given the ratio of AB to BE, and the amount of the 
inclination (i.e. ofZ ABE), to find the positions of the planets in latitude when (to 
take an example) they are at a distance of 45° (where [the circumference of] the 
epicycle is 360°) from the perigee of the epicycle, E. [We choose 45°] because we 
intend to demonstrate at the same time the differences in the positions in 
H545 longitude produced by these [maximum] inclinations, and these differences 
ought to reach their maximum at about halfway between the perigee E and the 
positions Z and H, since at those points [the longitudes so computed] are 
identical with the longitudes produced by neglecting the inclination. 

So let arc E0 be cut off in the above amount of 45°, and 
drop 0K perpendicular to BE, and KL, 0M perpendicular to the plane of the 
ecliptic. Join 0B, LM, AM and A0. 
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It is immediately obvious that 

[1] quadrilateral LK0M has parallel sides and right angles 
(since K0 is parallel to the plane of the ecliptic); and 

[2] the equation in longitude is comprised by Z LAM, and 

[3] the position in latitude is comprised by Z 0AM 

(since angles ALM and AM0 too turn out to be right angles, because line AM 
lies in the plane of the ecliptic). 31 

But now we must demonstrate the numerical amounts* of the required 
positions to be computed for each of the above planets, and first for Venus. 

Since arc E0 = 45° where [the circumference ol] the epicycle is 360°, 

Z EB0 (since it is at the centre _ f 45° where 4 right angles = 360° 
of the epicycle) \ 90°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle B0K, 
arc BK = arc K0 = 90°. 

So the corresponding chords 

BK = K0 = 84;52 p where hypotenuse B0 = 120 p . 
Therefore where B0, the radius of the epicycle, is 43; KF, 
and AB, the mean distance, is 60 p 

(for the greatest inclination of the epicycle occurs at approximately that point), 
BK = K0 = 30;32 p . 


Again, since the angle of inclination, 

f 2;30° where 4 right angles = 360° 
\ 5°° where 2 right angles = 360°°, 


Z ABE is taken as 


in the circle about right-angled triangle BLK, 
arc LK = 5° 

and arc BL = 175° (supplement) 
So the corresponding chords 

KL = 5: 

and BL = 119: 


5;14 p 1 

2;53 P J 


where hypotenuse BK = 120 P . 


31 Sec Fig. S, which makes most of Ptolemy’s statements obvious. In particular, since M is in the 
ecliptic (by construction) and Z AM0 is constructed as a right angle, LM, K@ and BH are all 
parallel, so Z ALM is a right "angle. 
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Z LAM 


Z 0AM 


Therefore, where hypotenuse BK = 30;32 p , and AB = SO 11 , 

KL = 1 ;20 p , 

BL = 30;30 p , 

and, by subtraction [of BL from AB], AL = 29;30 p . 

But, in the same units, LM = KQ = 30;3 2 p . 

Therefore hypotenuse AM [= \/AL 2 + LM 2 ] = 42;27 p in the same units. 

Therefore, where hypotenuse AM = 120 p , LM = 86; 19 P , 
and the equation in longitude at that point, 

_ f 92;0°° where 2 right angles = 360°° 

\ 46;0° where 4 right angles = 360°. 
Similarly, where AM = 42;27 p , 

@M = KL = 1 ;20 p ; 
and @M 2 + AM 2 = A0 2 , 

so A0 = 42;29** in the same units. 

Therefore, where hypotenuse A0 =: 120 p , 

* 0M = 3;46 p , 

and the angle of the deviation in latitude, 

_ f 3;36°° where 2 right angles = 360°° 

\ 1;48° where 4 right angles = 360°. 

That [1;48°] is what we shall put in the third column of the table for Venus on 
the line containing T35°\ 

In order to make a comparison of the difference in the equation of longitude 
which results [from the above computation], let there be drawn [Fig. 13.3] the 
corresponding figure without any inclination of the epicycle. Then we showed 
that 

BK = K0 = 30;32 p where AB = 60 p , 
so, by subtraction, AK = 29;28 p ; 

‘ and AK 2 + K0 2 = A0 2 , 

so A0 = 42;26 p in the same units. 

Therefore, where hypotenuse A0 = 120**, K0 = 86;21 p , 
and the angle of the equation in longitude, 

_ f 92;3°° where 2 right angles = 360°° 

\46;2°, approximately, where 4 right angles = 360°. 
And with the inclination it was shown to be 46°. 

Therefore the equation in longitude, computed according to the inclination, 
was less bv 2'. 

Q.E.D. 32 

Again, to enable us to demonstrate the [latitudinal] positions for Mercury 
too, let there be drawn a figure [Fig. 13.4] similar to the one before the last, with 
arc E0 taken as the same size, 45°. Hence again 

BK = K0 = 84;52 p where hypotenuse B0 = 120 p . 
Therefore, where the radius of the epicycle,B0 = 22;30 p , 


Z 0AK = ■ 


32 Accurately, one finds 45;59° (to the nearest minute) with the inclination, and 46;0° without it. 
Ptolemy’s inaccuracy here is mysterious, since for the table of anomaly (XI 11), argument 135° at 
mean distance, he found (presumably by an identical computation) the l>etter value 45;59°. 
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A 

Fig. 13.3 


and AB, the distance at which the greatest inclinations occur, is 56;40 p (all of 
which we have previously demonstrated), 33 

BK = K£) = 15;55 P in the same units. 

Again, since by hypothesis the angle of the inclination of the epicycle. 


L ABE = 


6; 15° where 4 right angles = 360° 
12;30°° where 2 right angles = 360°°, 
in the circle about right-angled triangle BKL, 
arc LK = 12;30° 

and arc BL = 167,30° (supplement). 

So the corresponding chords 

KL = 13;4 P 
and BL = 119;17 P J 

Therefore where BK, as we showed, is 15;55 p , 
and AB, by hypothesis, is 56;40 p , 




where hypotenuse BK = 120 p . 


KL = l;44 p , 
BL = 


;Ji Thb last number is not, in fact, previously attested. However, Ptolemy must have computed 
the distances all the wax round the orbit in order to construct the table of anomaly, and no doubt 
found this value by interpolation. Neugebauer (HAMA 221) found 56;37 p from a cubic equation. 
However, from a computer program I find, for k = 93;1,41°, K„ = 90;0,0°, p = 56;43 t 9^. 
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G 



and, by subtraction [from AB], AL = 40;51 p in the same units. 

And LM = K0 = 15;55 p . 

And since AL 2 + LM 2 = AM 2 , 

AM = 43;50 p where line LM = 15;55 p . 
Therefore, where hypotenuse AM = 120**, LM = 43;34 p , 
and the angle of the equation in longitude, 

/ LAM - / 42;34°° where 2 right angles = 360°° 
\ 21; 17° where 4 right angles = 360°. 
Similarly, where AM = 43;50 p , 

0M = KL = l;44 p ; 
and AM 2 + 0M 2 = A0 2 , 

so A0 = 43;52 p in the same units. 

Therefore, where hypotenuse A0 = 120^ 

0M = 4;44 p , 

and the angle of the deviation in latitude. 


L 0AM 


■it 


32°° where 2 right angles = 360° 
16° where 4 right angles = 360° 
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That [2;16°J is what we shall enter in the third column of the table lor Mercury 
on the same line, namely that containing the argument T35°\ 

In order again to make a comparison of the equation, let there be drawn [Fig. 
13.5] the figure without the inclination [of the epicycle]. Then we showed that, 
where line AB = 56;40 p , 

0K = KB = 15;55 p , 

and, by subtraction, obviously, AK = 40;45 p in the same units; 
and AK 2 + K0 2 = A0 2 , 

so A0 = 43;45 p where 0K = 15;55 p . 

D 


H 


fl 

Fig. 13.5 

Therefore, where hypotenuse A0 = 120 p , 0K = 43;39 p , 
and the angle of the equation in longitude, 

K AO - / 42;40°° where 2 right angles = 360°° 

~ \21;20° where 4 right angles = 360°. 

But we showed that with the inclination it was 21; 17°. 

Therefore here too the equation in longitude computed according to the 
inclination was less, by 3'. 

Q.E.D. 

Such, then, is the method by which we computed the positions in latitude at 
the greatest inclinations for these two planets. For the greatest inclinations 
occur when the eccentre is in the same plane as the ecliptic. For the remaining3 
planets, however, we computed [those positions] by means of a theorem which 
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XIII4. Construction of latitude tables: outer planets 

requires a different diagram, since [for these] the greatest inclination of the 
epicycle occurs when the inclination of the eccentre is also at a maximum, and it 
would benefit us to have the positions in latitude resulting from both 
inclinations computed together. 

[See Fig. 13.6 and cf. Fig. T. j In the plane orthogonal to the ecliptic, again, 
let the intersection with it of the plane of the ecliptic be AB, the intersection of 
the plane of the eccentre AG, and the intersection of the plane of the epicycle 
DGE. Let A be taken as the centre of the ecliptic, and G as the centre of the 
epicycle, and let the epicycle DZEH be described about G in such a way, again, 
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that when lines are drawn perpendicular to DE, diameter ZGH lies in the plane 
of the eccentre and parallel to the plane of the ecliptic, while the other 
[perpendiculars] are parallel to lx>th the above planes. Similarly, let arc E© be 
cut oir in the same amount of 45°, and drop perpendicular ©K from © (the 
point at which the pianet is located}, and also drop perpendiculars ©L, KB from 
points © and K to the plane of the ecliptic. Join BL and AL. Then let the 
problem be, to llnd the equation in longitude, represented by Z BAL, and the 
position in latitude, represented by Z LA©. 

So draw perpendicular KM from K to AG, and join G©, AK and A©. Let us 
again take it as given, from what* was proved before, that 

GK = K© = 84;52 p where hypotenuse G© = \2(f. 

Then first, for Saturn: 

Since we showed that the radius of the epicycle is 6;30 p where the mean 
distance is 60 p , 


Z AGE = * 


GK = K© = 4;36 p where hypotenuse G© = 6;30 p . 
And since, by hypothesis, the anig[le of the inclination of the epicycle, 

4;30° where 4 right angles = 360° 
^9°° where 2 right angles = 360°, 
in the circle about right-angled triangle GKM, 
arc KM = 9° 

and arc GM = 171° (supplement). 

So the corresponding chords 

KM = 9;25 p l 


and GM = 1I9;38 P | 
Therefore, where GK = 4;36 p , 


where hypotenuse GK = 120 p . 


KM = 0;22 p 
and GM = 4;35 p . 

Now at the greatest inclination on the semi-circle containing the apogee, AG, 
representing the distance [when the epicycle is] near the beginningofLibra, 34 is 
computed, by means of the theorems which we went through before, in treating 
the anomalies, as 62;10 p in the same units. 35 Hence, by subtraction [ofGM from 
AG], 

A M = 57;35 p w here line MK = 0;22 p ; 
hence hypotenuse AK [= \j AN! 2 + MK 2 ] = 57;35 p in the same units. 
Therefore, where hypotenuse AK = \2(f, KM = 0;46 p , 

and Z KAM 36 = 0;44°° where 2 right angles = 360°°. 

But, by hypothesis, the angle of the inclination of the eccentre, 

/ RAP - 1 ^$0° where 4 right angles = 360° 

5°° where 2 right angles = 360°°. 

Therefore, by addition, Z BAK = 5;44°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle BAK, 
arc BK = 5;44° 

and arc AB = 174; 16° (supplement). 
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34 Cf. XIII 1 p. 598. 

35 Accurately, 62;8,21 p when the centre of the epicycle is at a true longitude of — 0° (the apogee 
being in m, 20°, cf. XIII 6 p. 635). 

36 Reading KAM tor KAM (misprint in Heiberg’s text) at H554,I1. Corrected by M&nitius. 
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120 p . 


Z 0AL 


Dn in u 

f5;4 

= 12;5 


So the corresponding chords 

, ~ f D r where hypotenuse AK 

and AB = 119;51 P J 

Therefore, where line AK = 57;35 p , 

BK = 2;53 p , 

AB = 57;31 p , 

and BL = K0 = 4;36 p [p. 613]. 

And since AB 2 + BL 2 = AL 2 , 

AL = 57;42 p in the same units. 

Similarly, since L0 = BK = 2;53 p in the same units, 
and AL 2 + L0 2 = A0 2 , 

A0 = 57;46 p . 

Therefore, where hypotenuse A0 = 120 p , 0L = 5;59 p , 
and the angle of the deviation in latitude, 

;44°° where 2 right angles = 360°° 

!;52° where 4 right angles = 360°. 

That [2;52°] is what we shall enter in the third column of the table for Saturn 
opposite ‘135°\ 

But at the greatest inclination on the semi-circle containing the perigee, since 
AG, representing the distance [when the epicycle is] near the beginning of 
Aries, is computed as 

where, as we demonstrated [p. 613], KM = 0;22 p and GM = 4;35 p , 
hence, by subtraction, AM = 53;5 P . 

And hypotenuse AK = 53;5 P in the same units, since it is negligibly 
greater than line AM. 

Therefore, where hypotenuse AK = 120 p , 

KM = 0;5O P , 

and Z KAM = 0;48°° where 2 right angles = 360°°. 

But, by hypothesis, Z BAG = 5°° in the same units. 

So, by addition, Z BAK = 5;48°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle BAK, 
arc BK = 5;48° 

and arc AB = 174; 12° (supplement). 

So the corresponding chords 

BK = 6;4 P 

andAB = 119;51 P J 
Therefore, where line AK = 53;5 P , 

BK = 2;41 p 
and AB = 53;l p . 

And since AB 2 + BL 2 = AL 2 , 
and BL was shown to be 4;36 p in the same units, 

AL = 53; 13 P in the same units. 


where hypotenuse AK = 120 p . 


37 Accurately, 57^,4^ when the centre of the epicycle is at a true longitude of T 0°. Precisely 
opposite a distance of p = 62;10 p is the distance (63;25 x 56;35/62;10 =) 57;43 p . It is obvious that 
Ptolemy has rounded to the nearest convenient number, whatever method of computation he used. 
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Therefore, where hypotenuse AL = 120^ BL = 10;23 p , 
and the angle of the equation in longitude, 

/ RAT - { 9^>°° w ^ere 2 right angles = 360°° 

\ 4;58° where 4 right angles = 360°. 

Again, where line AL = 53;13 p , 

0L = KB = 2;41 p , 
and AL 2 + 0L 2 = A0 2 , 
so A0 = 53;17 p . 

Therefore where hypotenuse A0 = 120**, 0L = 6;3 P , 
and the angle of the deviation in latitude, 

>;46°° where 2 right angles = 360°° 

!;53° where 4 right angles = 360°. 

That [2;53°] is what we shall enter in the fourth column of the table opposite 
‘135°\ 


Z 0AL 


ion in i 

/ 5;4 
L 2;5 


Then in order to compare the equations in longitude for the inclination ’ 
nearer the perigee, let the diagram with no inclination be drawn again [Fig. 
13.7]. Then, where the distance at that point, 

AG = 5 7;40 p , 

GK (= KG) is given as 4;36 p ; 

and, by subtraction, AK = 53;4 P in the same units; 
but AK 2 + K0 2 = A0 2 , 
so A0 = 53; 16 P . 


D 



R 


Fig. 13.7 
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Therefore, where hypotenuse A© = 120 p , K© = 10;22 p , 
and the angle of the equation in longitude, 

. _ / 9;54°° where 2 right angles = 360°° 

[4;57° where 4 right angles = 360°. 

But when the inclinations [ofeccentre and epicycle] were taken into account it 
was shown to be 4;58°. So the equation in longitude computed according to 
both inclinations was 1' greater. 


Q.e.d. 

Let there again be drawn [Fig. 13.8], first, the diagram for the inclinations, 
representing the ratios established for Jupiter. 

Hence, where the radius of the epicycle, G© = ll;30 p , 

GK (= K©) is computed as [84:52 x 11:30/120 =] 8:8 P . 



R 


Fig. 13.8 


Then, since the angle of the inclination of the epicycle, 


Z AGE 


f 2;3 
= l 5' 


!;30° where 4 right angles = 360° 
5°° where 2 right angles = 360°°, 
in the circle about rightrangled triangle GKM, 
arc KM = 5° 

and arc GM = 175° (supplement). 

So the corresponding chords 


KM = 5 

and GM = 119: 


;14 p l 

;53 p J 


where hypotenuse GK = 120 p 
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■);56 p j 


where hypotenuse AK = 120 p . 
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Therefore, where line GK = 8;8 P , 
and AG, the distance near the beginning of Libra, is 62;30 p , 38 
KM = 0;21 p , 

GM = 8;8 P , 

and, by subtraction, MA = 54;22 p . 

Hence hypotenuse AK, being negligibly greater than MA, is54;22 p in the same 
units. 

Therefore, where hypotenuse AK = 120 p , KM = 0;46 p , 

and Z KAM = 0;44°° where 2 right angles = 360°°. 

But, by hypothesis, the angle of the inclination of the eccentre, 

/ RAP - / * ;30° where 4 right angles = 360°°. 

\ 3°° where 2 right angles = 360°°. 
Therefore, by addition, ZBAK = 3;44°° where 2 right angles = 360°°. 
Therefore, in the circle about right-angled triangle BAK, 
arc KB = 3;44° 

and arc AB = 176; 16° (supplement). 

So the corresponding chords 

KB = 3;' 

and AB = 119;: 

Therefore, where line AK = 54;22 p , 

KB = l;46 p 
. and AB = 54;20 p . 

And, from what was demonstrated previously, BL = 8;8 P in the same units. 
And since AB 2 + BL 2 = AL 2 , 

AL = 54;56 p in the same units. 

Similarly, since L© [= KB] = l;46 p in the same units, 
and AL 2 + L0 2 = A© 2 , 

A© = 54;58 p in the same units. 

Hence, where hypotenuse A© = 120 p , L© = 3;52 p , 
and the angle of the deviation in latitude, 

;42°° where 2 right angles = 360°° 
where 4 right angles = 360°. 

That [1;51°] is what we shall enter in the third column of the table for Jupiter 
opposite ‘135°’. 

In the same way, AG, when it represents the distance at the beginning of 
Aries, is computed as 57;30 p , 39 where, as we demonstrated, KM = 0;21 p and 
GM = 8;8 P ; 

hence, by subtraction, AM(= AK which is negligibly greater) is 49;22 p in the 
same units. 

Therefore, where hypotenuse AK = 120 p , KM = 0;51 p , 

and Z KAM = 0;49°° where 2 right angles = 360°°. 


Z ©AL 


in lauiu 

_ f 3;42 c 
ll;5T 


38 Accurately, 62;34,36 p when the centre of the epicycle is at a true longitude of^= 0° (the apogee 
being in TIB 10°, cf. XIII 6 p. 635). 

39 Accurately 57;24,31 p . The values of Ptolemy for both distances (cf. n.38) would fit better an 
elongation from the apogee of-24i° and (180° - 24i°), rather than the -20° which he specifies 
in XIII6. But if one were to take the precise position of the apogee in his time, tie 11 °, this would give 
-19° with even worse agreement with the text. 
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XIII4 . Effect of latitude on longitude of Jupiter 




where hypotenuse AK = 120 p . 


Therefore, by addition, Z BAK [= Z KAM + 3°°] = 3;49°° in the same 
units. 

Therefore, in the circle about right-angled triangle AKB, 
arc KB = 3;49° 

and arc AB = 176;11° (supplement). 

So the corresponding chords 

BK = 3;59 p l 

and AB = 119;56 P J 
Therefore, where line AK = 49;22 p , 

KB = l;39 p 
and AB = 49;20 p . 

Hence, since BL = 8;8 P in the same units, 
and AB 2 + BL 2 = AL 2 , 

AL = 50;0 P in the same units. 

Therefore, where hypotenuse AL = 120 p , BL = 19;31 p , 
and the angle of the equation in longitude, 

/ BAI - / 18 ;44°° where 2 right angles = 360°° 

\ 9;22° where 4 right angles = 360°. 

Again, where line AL = 50;0 P , 

0L [= KB] = l;39 p , 
and AL 2 + 0L 2 = A0 2 , 
so A0 = 50;2 P . 

Therefore, where hypotenuse A0 = 120 p , L0 = 3;57 p , 
and the angle of the deviation in latitude, 

/ 0AT - -I ^ ; ^°° w ^ ere 2 right angles = 360°° 

\ 1;53° where 4 right angles = 360°. 

That [ 1 ;53°] is what we shall enter in the fourth column of the table opposite the 
same T35°\ 

In order to compare the equations in longitude, let the diagram with no 
inclinations be drawn again [Fig. 13.9]. Then at the distance in question, 
where 0K = GK = 8;8 P , 
the whole line AG = 57;30 p , 
and, by subtraction, AK = 49;22 p in the same units. 

But AK 2 + K0 2 = A0 2 , 

so A0 = 30;2 P in the same units. 

Therefore, where hypotenuse A0 = 120? , 0K = 19;30 p , 
and the angle of the equation in longitude, 


/ 0AK - /18;42°° where 2 right angles = 360°° 
~ \ 9;21° where 4 right angles = 360°. 


And when the inclinations were taken into account it was shown to be 9;22°. So 
the equation in longitude computed according to both inclinations was, again, 
greater by only a single minute.) 

Q.E.D. 

Next, to determine the quantities for Mars, let there be drawn, first, the 
diagram for the inclinations [Fig. 13.10], and let GK (= K0) be computed as 
[84;52 x 39;30/120 =] 27;56 p , where the radius of the epicycle, G0 = 39;30 p . 
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D 



Then, since the angle of the inclination of the epicycle, 

/ ACF - / 15° where 4 right angles = 360° 

” \4;30°° where 2 right angles = 360°°, 
in the circle about right-angled triangle GMK, 
arc KM = 4;30° 

and arc GM = 175;30° (supplement). 

So the corresponding chords 

and GM = 1 lQ^} where hy P° tenUSe GK = l2Xf - 
Therefore, where line GK = 27;56 p , 
and AG, the greatest distance, is 66 p , 40 
KM = 1;6 P 
and GM = 27;54 p , 

and, by subtraction, AM = 38;6 P . _ 

Hence hypotenuse AK [= y/AM 2 + KM 2 ] = 38; 7 P in the same units. 
Therefore, where hypotenuse AK = \2(f, 

KM = 3;28 p , 

and Z KAM = 3;19°° where 2 right angles = 360°°. 

But, by hypothesis, the angle of the eccentre’s inclination, 

40 1.e. the northpoint is taken as coinciding with the apogee, both being placed in the (rounded) 

n o° 
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XIII 4. Construction of latitude tables: Mars 



R 

Fig. 13.10 


Z BAG - / *° w ^ ere ^ right angles = 360° 

\2°° where 2 right angles = 360°°. 

Therefore, by addition, Z BAK = 5;19°° where 2 right angles = 360°°. 
So, in the circle about right-angled triangle BAK, 
arc KB = 5; 19° 

and arc AB = 174;41° (complement). 

So the corresponding chords 

and AB = 119;52 p } where hy P otenuse AK = 
Therefore, where line AK = 38;7 P , 

KB = l;46 p 
and AB = 38;5 P . 

But line BL [= K0 = GK] = 27;56 p in the same units. 

And, since AB 2 + BL 2 = AL 2 , 

AL =: 47;14 p . 

Similarly, since ©L = l;46 p in the same units, 
and AL 2 + L© 2 = A© 2 , 

A© = 47;16 p in the same units. 

Therefore, where hypotenuse A© = 120 p , ©L = 4;29 p , 
and the angle of the deviation in latitude, 


Z ©AL = 


4;18°° where 2 right angles = 360°° 
2;9° where 4 right angles = 360°. 
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where hypotenuse AK = 120 p . 


That [2;9°] is what we shall enter in the third column of the table for Mars 
opposite T35°\ 

In the same way, for the inclinations at least distance: 

AG = 54 p where, as was shown, 

KM = 1;6 P 
and GM = 27;54 p . 

Thus, by subtraction, A M = 26;6 P , 

and hypotenuse AK [= \/KM 2 + AM 2 ] = 26;7 P in the same units. 
Therefore, where hypotenuse AK = 120 p , KM = 5;3 P , 

and Z KAM = 4;49°° where 2 right angles = 360°°. 

Hence, by addition, Z BAK = 6;49°° in the same units. 

Therefore, in the circle about right-angled triangle ABK, 
arc BK = 6;49° 

and arc AB = 173; 11° (supplement). 

So the corresponding chords 

BK = 7;8 P 

and AB = 119;47 P J 
Therefore, where line AK = 26;7 P , 

BK = l;33 p 
and AB = 26;4 P . 

And line BL is, again, 27;56 p in the same units. 

And, since AB 2 + BL 2 = AL 2 , 

AL = 38; 12 P . 

Therefore, where hypotenuse AL = \2(f y BL = 87;45 p , 
and the angle of the equation in longitude, 

_ j 94 00 where 2 right angles = 360°° 

\47° where 4 right angles = 360°. 

Similarly, where line AL = 38:12 p , L0 [= BK] = l;33 p , 
and AL 2 + L0 2 = A0 2 , 
so A0 = 38;14 p . 

Therefore, where hypotenuse A0 = 120 p , L0 = 4;52 p , 
and the angle of the deviation in latitude, 

_ f 4;40°° where 2 right angles = 360°° 

~ f2;20° where 4 right angles = 360°. 

That [2;20°] is what we shall enter in the fourth column of the table opposite the 
same 4 I35°\ 

Again, if. in order to compare the equations in longitude, we set out the 
diagram without the inclinations [Fig. 13.11], at the least distance (where the 
difference must necessarily become most noticeable), 

AG:GK (= K0) = 54 : 27;56. 
hence, by subtraction, AK - 26;4 P , 

and hypotenuse A0 [-VAK 2 + K0 2 ] = 38; 12 p in the same units. 

Hence, where hypotenuse A0 = 

0K = 87;45 p again [as BL in the previous computation], 
and the angle of' the equation in longitude, 

_ f 94°° where 2 right angles = 360 00 
\ 47° where 4 right angles = 360°. 
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XIII4. 'Slant' of Venus and Mercury 

D 


H 


A 

Fig. 13.11 

H567 But that is the same size as was demonstrated by means of the calculations 
including the inclinations. Therefore the equation in longitude for Mars 
computed according to the inclinations of the circles [of epicycle and eccentre] 
did not dilfer at all. 

Q.E.D. 

The fourth column in the two tables for Venus and Mercury will contain the 
positions in latitude produced by the greatest slants of their epicycles, which 
occur at the apogee and perigee of the eccentre. However, we have computed 
these separately, without the effect due to the inclination of the eccentre, since 
that would have required a greater number of tables and a more complicated 
method of calculation [from the tables]: for the [corresponding latitudinal] 
positions as morning-star and evening-star are not going to be equal to each 
other, and not even always on the same side [i.e. north or south] of the ecliptic; 
and in any case, since the inclination of the eccentre is not constant, the 
differences in the amount to be diminished with respect to the greatest 
inclination [of the epicycle] would not correspond to the differences in the 
amount to be diminished with respect to the greatest slant. 41 However, if we 
H568 separate the effects, we can determine each element in a more convenient way, 
as will become clear from the actual procedure which we shall adduce. 

41 Ptolemy means that one could not use a single coefficient column (c 5 in HAMA) to compute the 
diminution with respect to maximum of both inclination and slant as a function of the planet’s 
position on the epicycle. 
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Xlll 4. \Slant y of Venus and Mercury 623 

Let AB [see Fig. 13.12] be the intersection of the planes of the ecliptic and the 
epicycle. Let point A be taken as the centre of the ecliptic, and B as the centre of 
the epicycle, and let the epicycle GDEZH be described about it slanted to the 
plane of the ecliptic, 42 i.e. so that straight lines drawn in the [two planes] 
perpendicular to the common section GH all form equal angles at the points on 
GH. Draw AE tangent to the epicycle, and AZD intersecting the epicycle at an 
arbitrary point, and drop from points D, E and Z perpendiculars D0, EK and 
ZL to GH, and perpendiculars DM, EN and ZX to the plane of the ecliptic. Join 
0M, KN, LX, and also AN and AXM (for AXM will be a straight line, since 
the three points [A, X, M all] lie in two planes, the plane of the ecliptic and the 
plane through AZD perpendicular to the ecliptic. 


G 



It is obvious that, with the slant as depicted, the equations in longitude of the 
planet [at D and E respectively] will be represented by angles 0 AM and KAN, 
and the [positions] in latitude by angles DAM and EAN. YVe must demonstrate, 
first, that the position in latitude at the tangent point, Z EAN, is the maximum, 
just as the equation in longitude [is maximum at that point]. 

42 Sec Fig. U for a redrawingof this three-dimensional figure. Note that Ptolemy’s figure is an 
artificial one. since when the intersection of the planes of ecliptic and epicycle passes through the 
centre of the epicycle, the ‘slant’ is zero. But it is justified bv the ‘separation of the effects’. 
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[Proof:] Since Z EAK is the maximum. 

KE:EA >©D:DA = LZ:ZA. 

But EK:EN = ©D:DM = LZ.ZX. 

i’or, as we said, the triangles formed by them [EKX. DOM and ZLX] have 
equal angles [at GH] and right angles at M, X and X. 

N E: EA > MD: DA = XZ: ZA. 

H570 And. again, the angles DMA, EXA and ZXA are right. 

Therefore Z EAX >Z DAM, and hence, obviously, 

Z EAX is greater than any angle so formed. 

It is immediately obvious that, when one considers the elFect on the equations 
in longitude caused by the slant, the maximum difference is produced at the 
greatest deviations in latitude at E. For the differences [in the equation caused by 
the slant] are represented by the angles subtended by (0D - 0M), (KE - KX) 
and (LZ - LX) [when the planet is at D, E and Z respectively], and since the 
ratios of these lines [0D:0M etc.] to each other and to the difference between 
them [(0D - 0M) etc.] remains the same, it follows that 
(EK - KX) : EA >(0D - 0M) : AD, etc. 43 
And it is also immediately clear that, whatever the ratio between the greatest 
equation in longitude and the greatest deviation in latitude [due to the slant], 
that ratio holds between the equation in longitude for any position [of the 
planet] on the epicycle and the [corresponding] position in latitude. 


43 Ptolemy’s argument here is fallacious, as pointed out by Pedersen 382. He seems to have been 
misled by his figure, which substitutes straight lines for arcs. 
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For KE:EN = LZ.ZX = 0D:DM, 
and so on for the other points [on the epicycle]. 44 

Q.E.D. 

Having established these preliminary points, let us first examine the size of H571 
the angle which is contained by the slam of the planes for each of the two 
planets. We take for granted what was noted at the beginning [of the discussion, 
p. 601], that both planets, when halfway between greatest and least distances, 
display a maximum difference [in latitude] between opposite positions on the 
epicycle of 5° to north or south: for Venus appears to [so] vary by slightly more 
than 5° at perigee and slightly less than 5° at apogee, while Mercury varies by 
about [more and less than 5° at 180° from apogee and apogee respectively]. 

So let [Fig. 13.13] ABG again be the intersection of ecliptic and epicycle. 
Describe the epicycle GDE about centre B, slanting to the plane of the ecliptic 43 
in the way described. F rom A, the centre of the ecliptic, draw AD tangent to the 
epicycle, and from D drop perpendicular DZ on to GBE, and perpendicular 
DH on to the plane of the ecliptic. Join BD. ZH and AH, and let Z DAH be 
taken as comprising half the above deviation in latitude for each of the two 


G 



44 This too is fallacious, since Ptolemy has substituted chords for arcs (in modern terminology, has 
treated a relationship between the sines of angles as a relationship between the angle's). See Pedersen 
380-1. However, if one treats it as an approximation, it is a very reasonable one: see my remark on 
Pedersen, Toomer [3] 145. 

45 Cf. p. 623 n.42. 
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planets (thus it is 2j°). Let our problem be, to find for each the amount of the 
slant between the planes, namely the size of Z DZH. 

For Venus, since, where the radius of the epicycle is 43; 10 P , the greatest 
distance is 61;15 p , the least 58;45 p , and the mean between them 60 p , 

AB:BD = 60 : 43; 10. 

And since AB 2 - BD 2 = AD 2 , 

AD = 41;40 p in the same units. 

Similarly, since BA:AD = BD:DZ, 

DZ = 29;58 p in the same units. 

Furthermore, since, by hypothesis, 

/ n \H - 1 2;30° where 4 right angles = 360° 

1 ~\ 5°° where 2 right angles = 360°°, 

in the circle about right-angled triangle ADH, 
arc DH = 5° 

and the corresponding chord DH = 5;14 P where hypotenuse AD = 120 p . 

Therefore, where line AD = 4I;40 P , DH = l:50 p . 

And DZ was shown to be 29;58 p in the same units. 

Therefore, where hypotenuse DZ = 120 p . DH =7;20 p . 
and the angle of the slant, 

/ DZH { 7°° w here 2 right angles = 360°° 

\3;30° where 4 right angles = 360°/ h 

But since the amount by which Z DAZ exceeds Z HAZ represents the resulting 
difference in the equation in longitude, we must immediately compute this too, 
by finding the amounts of these angles. For we showed that, where line 
DH * 1:50 p , hypotenuse AD = 41;40 p and DZ = 29;58 p ; 
and AD 2 - DH 2 = AH 2 
while ZD 2 - DH 2 = HZ 2 ; 

so AH = 41:37 p 

and HZ = 29:55 p in the same units. 

Therefore, where hypotenuse AH = 120 p , ZH = 86 ; 16 P . 

7 y . „ _ f 91;56 00 where 2 right angles = 360°° 
and L - | 45;58 o wherc 4 right ang l es = 360°. 

Similarly, since DZ = 86 ; 18 P where hypotenuse AD = I20 p , 

_ f 91;58°° where 2 right angles = 360°° 

\ 45;59° where 4 right angles = 360°. 

Thus the equation in longitude computed accordingto the slant was less by one 


Z DZH = 


and Z ZAH = 


Z DAZ = 


For Mercury [see Fig. 13.14], where the radius of the epicycle is 22;30 p , the 
greatest distance, as we demonstrated, is 69 p , and the distance diametrically 
opposite to that 57 p ; the mean between these two is calculated as 63 p in the same 


So AB: BD = 63 : 22;30. 
And since AB 2 - DB 2 = AD 2 , 

AD = 58;51 p . 


**This neat result is achieved only by some devious rounding: computing accurately one finds 
3;28}°. 
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Fig. 13.14 


Similarly, since AB:AD = BD:DZ. 

DZ = 21:l p in the same units. 

Again, since, by hypothesis, 

Z DAH = 5°° where 2 right angles = 360°°, 
in the circle about right-angled triangle ADH, 
arc DH = 5°, 

and the corresponding chord DH = 5:14 P where hypotenuse AD = I20 p . 
Therefore, where line AD = 58:5 l p , DH = 2;34 p . 

But we showed that DZ = 21; 1 p in the same units. 

Therefore, where hypotenuse DZ = 120 p , DH = 14;40 p , 
and the angle of the slant, 

Z DZH - i ^°° w ^ ere ^ right angles = 360°° 

\ 7° where 4 right angles = 360° 47 . 

In the same way [as for Venus], in order to compare the angles of the equation 
[in longitude]: 

again, where DH = 2;34 p , we showed that 
hypotenuse AD = 58;51 p and DZ = 21;l p . 

And DA 2 - DH 2 = AH 2 , 

DZ 2 - DH 2 = HZ 2 , 
so AH = 58;47 p 

and ZH = 20;53 p in the same units. 

47 Accurately, 7; 1 °. 
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Therefore, where hypotenuse AH = 120 p , HZ = 42;38 p , 
and Z ZAH 


_ f 41;38°° where 2 right angles = 360° 
\20;49° where 4 right angles = 360°. 


In the same way, where hypotenuse AD = 120 p , DZ is calculated as 42;50 p , 
and Z DAZ 


_ f 41;50°° where 2 right angles = 360°° 
\20;55° where 4 right angles = 360°. 


So in this case the equation in longitude due to the slant was less by 6'. 48 

Q.E.D. 


Next let us examine whether, if we take the above amounts of the slant as 
given, we find the greatest latitudes at the greatest and least distances [derived 
from them] to agree with those derived from our observations. In the same 
figure [Fig. 13.15], let us now take as basis the greatest distance of Venus, i.e. 


G 



AB:BD = 61; 15 : 43;10. 

Hence, since AB 2 - BD 2 = AD 2 , 

AD = 43;27 p . 

But AB:AD = BD:DZ. 

So DZ = 30;37 p in the same units. 

Again, since, by hypothesis, the angle of the slant, 

' Z DZH = 7°° where 2 right angles = 360°° 

iS Ptolemy has fudged the calculations a little to get this result. Accurate computation gives 
L ZAH = 41:33.58°°, Z DAZ = 41;50,50°°, with a difference of 0; 16,52°°. or about 8i'. 



XIII4. Computation of maximum differences for Venus 

and [hence] DH = 7;20 p where hypotenuse DZ = 120 p , 
therefore, where line DZ = 30;37 p , and AD = 43;27 p , 

DH = l;52f\ 

So where hypotenuse AD = 120 p , 

DH = 5:9*\ 

and the greatest deviation in latitude. 
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r;54°° where 2 right angles = 360°° 

!;27° where 4 right angles = 360°. 

But at the least distance, where the radius of the epicycle, 

BD = 43;10 P , 

AB is given as 58;45 p . 

And AB 2 - DB 2 = AD 2 . 

so AD = 39;51 p in the same units. 

Similarly, since AB:AD = BD:DZ, 

DZ = 29; 17 P in the same units. 

But DZ:DH is given as 120 : 7;20. 

Therefore, where DZ = 29; 17 P and AD = 39;51 p , 

DH = 1 ;47 p . 

Therefore, where hypotenuse AD = 120 p , DH = 3;22 p , 
and the greatest deviation in latitude, 

;8°° where 2 right angles = 360°° 

!;34° where 4 right angles = 360°. 

Thus [the greatest latitude] differs from the 2:° of [greatest] deviation in 
latitude assumed for the mean, being less at the apogee and greater at the 
perigee, but [in both cases] by an amount which is negligible to the senses; for at 
the greatest distance it was only three minutes less, and at the least distance four 
minutes more. Such [small differences] could not be at all easily detected from 
the observations. 

Next [see Fig. 13.16] let us take the greatest distance of Mercury as basis, 
namely 

AB:BD = 69 : 22;30. 

Hence, by the same proced ure as above, 

AD [= VAB 2 - BD 2 ] = 65;14 p , 
and DZ [= AD x BD/AB] = 21; 16 P in the same units. 

But in this case the angle of slant, 

Z DZH is given as 14°° where 2 right angles = 360°°. 

Hence we have DH = 14;40 P49 where hypotenuse DZ = 120 p . 
Therefore, where line DZ = 21;16 p , and AD = 65;14 p , 

DH = 2;36 p . 

Therefore, where hypotenuse AD = 120**, DH = 4;47 p , 
and the greatest deviation in latitude, 

;34°° where 2 right angles = 360°° 

;17° where 4 right angles = 360 6 . 


Z DAH 


n laiuu 

= |4;3 

L2;l 


49 The chord of 14° (I 11) is 14;37,27 p . But Ptolemy’s 14;40 p is justified by p. 627, where the 7° of 
the slant is derived from that value. 
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XIII4. Computation of maximum differences for Mercury 
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Fig. 13.16 


But at the least distance, 30 

AB:BD is given as 37 : 22;30, 

and so, by the same procedure again, 

AD = 52;22 p in the same units 
and DZ = 20;40 p . 

And the slant is the same as before, 
and hence ZD:DH is given as 120 : I4;40, 

so where DZ = 20;40 p and AD = 52;22 p , 

DH = 2;32 p . 

Therefore, where hypotenuse AD = 120 p , DH = 5;48 p , 

, ✓ n ,„ f5;32°° where 2 right angles = 360° 
and Z DAH = 1 , / . ? ? 


[2;46° where 4 right angles = 360°. 

Thus the dilference from the maximum deviation in latitude at the mean 
(which was taken as 2^° here too) was 13' in the negative direction at apogee 
and 16' in the positive direction at perigee. To represent these, we shall use a 
correction ofi° with respect to the mean in the calculations [from the table], in 
accordance with the perceptible dilference derived from the observations. 

Now that we have demonstrated the above, and also demonstrated that the 
ratio between the greatest equation in longitude and the greatest deviation in 


*° Ptolemy is speaking loosely here. 57 p represents, not the least distance, (which is c. 55;34 p at 
120° from apogee, IX 9 p. 460), but the distance at the point opposite the greatest distance, i.e. 
strictly analogous to the situation for Venus. Cf. the use of 'perigee 1 below. 
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latitude also holds good at other points on the epicycle for the ratio between the 
individual equations in longitude and the [corresponding] individual positions 
in latitude, 51 we immediately have a convenient method for computing the 
positions in latitude due to the slant to be entered in the fourth column of the 
tables for Venus and Mercury. However, as we mentioned, these positions are 
based only on the slant of the epicycles at mean distance: the difference due to 
the inclination of the eccentres, and also the difference due to [the approach 
towards] apogee or perigee for Mercury, will be found by means of a correction 
procedure in the computation [from the tables], for convenience of calculation. 

For, at the mean distances as set out above, the greatest deviation due to the 
slant was shown to be 2;30° on either side of the ecliptic for both planets; and the 
greatest equation in longitude is approximately 46° for Venus and 22° for 
Mercury; 52 and we already have, set out in the tables for anomaly of these 
planets, the equations corresponding to the individual positions on the epicycle. H58I 
So we form the ratios between the latter and the greatest equation, take the 
same proportion of 2i°, separately for each planet, and enter the results in the 
fourth column of the tables of latitude opposite the corresponding arguments. 

We have produced the filth column [in each table] in order to correct the 
positions in latitude for other positions [of the epicycle] on theeccentre, by using 
the sixtieths entered [in that column]. For since, as we said, the increase and 
decrease in the inclination and slant of the epicycle, through the action of the 
attached small circles, have a period precisely corresponding to the period of 
return on the eccehtre, and since the amounts of all the inclinations and slants is 
not very different from that associated with the moon's inclined orbit, and the 
individual deviations in latitude.for such small inclinations, are, again, almost 
proportional, and since we already have the corresponding entries lor the moon 
computed geometrically, we multiplied each of the entries in that table by 12 
(because the maximum there is about 5°, and here we are making the maximum 
60), and entered the results opposite the appropriate argument in the fifth 
column of each table. 

The layout of the tables is as follows. 


5. [Layout of the tables for the computations in latitude } 3i 
[See pp. 632-4.] 


H582-6 


51 Sec p. 625 n.44. 

52 These numbers are simply rounded from the maxima in col. 6 of the tables of anomaly (XI11), 
45;59° lor Venus and 22;2° lor Mercury. Heiberg mistakenly refers to XII9, which gives nothing to 
compare, since it refers to true, not mean elongations. 

51 As Manitius (p. 428) notes, there are a numl)er of entries in col. 5 (the sixtieths’) which are 
derived, not from the corresponding values in col. 7 of the lunar table (V8), but from a value l' less. 
Most (those* for 24°, 36°, 42°, 72°, 111°, 153°, 155°) are less accurate, but some (those lor 12°, 78°7 
99°) are more accurate. Since there is no doubt that Ptolemy did, as he says, obtain the values in col. 
5 simply by muitipying by 12, this may l>e a remnant of an earlier stage in the computation of the 
lunar table. % 
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XIII5. Planetary latitude tables: Mars and Venus 
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XIII5. Planetary latitude tables: Mercury 


INCLINATIONS OF MERCURY 


Argument 
[in Distance] 
from Apogee 


Inclination 


Oil 

59 36 

0 22 

58 36 

0 33 

57 0 


H11 s SKE3 S^K' E WmM 

IHSI 


60 

66 

300 

294 

0 59 

0 49 

1 44 

1 52 

30 0 

24 24 

18 24 

72 

288 

0 38 

2 0 

78 

282 

0 26 

2 7 

12 24 

84 

276 

0 16 

2 14 

6 24 

90 

270 

0 0 

2 20 

0 0 


—— Mi 
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56 

204 

59 

201 

62 

198 


2 

11 

2 

6 

2 

0 


24 

59 36 

12 

59 48 

0 

. 60 0 
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XIII 6. Computation of planetary latitudes from tables 635 


6 . {Computation of (he deviation in latitude for the 5 planets} 5 * 

Those [tables] thus established, we carry out the latitude computation for the 5 
planets as follows. 

For the 3 planets Saturn, Jupiter and Mars, we take the corrected longitude 
(for Mars just as it is, forjupiter subtracting 20° and for Saturn adding50°), 55 
and entering the argument [columns] of the appropriate table, find the sixtieths 
corresponding to it in the fifth column of the latitude, and write that down 
separately. Similarly, we enter the same argument [columns] with the corrected 
amount of the anomaly, 56 and take the dilference in latitude corresponding to 
it. in the third column if the corrected longitude falls within the first 15 lines, but 
in the fourth column if it lails within the lines alter [the 15th]. We multiply 
this by the sixtieths we wrote down, and the result will give us the amount bv' 
which the planet is north of the ecliptic, if we took the dilference in latitude from 
the third column, or south of it, if we took it from the fourth. 

For Venus and Mercury we llrst enter with the corrected amount of the 
anomaly into the argument [columns] of the appropriate table, take the 
corresponding amounts in the third and lourth columns of the latitude, and 
write them down separately; we lake them unchanged from all columns except 
the fourth column for Mercury, but for that, if the corrected longitude falls 
within the first 15 lines, we subtract a tenth part of the amount, whereas if the 
corrected longitude lails within the lines below [the 15th], we add a tenth 
part. w Then we add to tHe corrected longitude, for Venus always 90°, and for 
Mercury always 270°, subtract [the 360° of) a circle if it comes to that [i.e. to 
more than 360°], enter with the result into the same argument [columns], and 
take the corresponding number of sixtieths in the fifth column. We multiply the 
latter into the amount we wrote down from the third column, and set out the 
result. The direction of this will be: 

[A] if the longitude (with the addition as detailed above) falls within the first 15 

lines, and 

[1] the amount of the corrected anomaly falls within the first 15 lines: 
southerly 

[2] the anomaly falls within the lines following [the 15th]: northerly; 

[B] if the above-mentioned longitude falls within the lines below the 15, and 

[1] the amount of the above-mentioned anomaly falls within the first 15 
lines: northerly 

[2] the anomaly falls within the lines following [the 15th]: southerly. 
Next we again take the corrected longitude, just as it is for Venus, but with the 
addition of 180° for Mercury, enter with it into the same [columns of] 

S4 See HAMA 219-20, 222-6, and Appendix A, Example 15. 

’’The ‘corrected longitude’ means ‘the distance of the epicycle centre from apogee, as seen from 
the obseiver (i.e. corrected by the equation of centre)'. The amounts to l>e applied to it represent the 
(rounded) distance Ijetween apogee and northpoint of the inclined orbit. 

56 I.e. the true anomaly a, corrected for equation of centre. 

57 The ‘tenth part’ represents the ratio i° : 2i°. Cf. XIII 4 p. 630. 
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argument; take the sixtieths corresponding to this in the fifth column, multiply 
them into the amount we wrote down from the fourth column, and set out the 
result. The direction of this will be: 

[A] if the longitude we entered with (as described above) falls within the first 15 
lines, and 

[1] the corrected anomaly is 180° or less: northerly 

[2] the anomaly is greater than 180°: southerly; 

[B] if the longitude falls within the lines below the 15, and 

[1] the anomaly is 180° or less: southerly 

[2] the anomaly is greater than 180°: northerly. 

Then we take these same sixtieths which were found by the second entry with 
the longitude, calculate the amount which is the same fraction of them as they 
are of 60, and, for Venus, take Uh of this and set it out too, always with a 
northerly direction; but for Mercury we take 1 of the amount and set it out, 
always in a southerly direction. 38 

Thus, by combining the 3 quantities set out, we determine the apparent 
position in latitude with respect to the ecliptic of these [two planets]. 


H590 7. j On the first and last risibilities of the 5 planets }° 9 

Now that we have dealt with the basic problem of the deviations in latitude of 
the 5 planets, there remains the supplementary topic of the requisite theorems 
for their first and last visibilities with respect to the sun. For, as we explained in 
the treatise on the fixed stars [VIII 6. p. 413], it turns out that their distances 
from the sun along the ecliptic are variously unequal, for both first and last 
visibilities, for a number of reasons: the first of these is due to the fact that they 
are of unequal size, the second due to the variation of the inclination of the 
ecliptic to the horizon, and the third due to their positions in latitude. 

For if we again imagine [see Fig. 13.17] segments of great circles, AB of the 
horizon, and GD of the ecliptic, 60 and take point E as their intersection at rising 
or setting, points G and A in the direction of south [i.e. the meridian], 01 and 
point D as the sun's centre, and we draw through D and the pole of the horizon 
H591 another great circle segment DBZ, and suppose the planet to rise or set alongthe 
horizon AEB (when it is situated on the ecliptic, it will do so, obviously, at E; 
when it is north of the ecliptic, at H. and when it is south, at 0), and drop 
perpendiculars HK and 0L on to the ecliptic from points H and 0, then we will 
again 02 have, in BD. an arc which is equal to the amount which the sun must 
always be below the earth in order for the same [given] planet to be first or last 
visible. For it is on a great circle so drawn [i.e. perpendicular to the horizon] 


,8 For an explanation of this procedure see HAMA 224. 

19 See HAMA 234-8. Pedersen 386-8, with the correction Toomer [3], 145. 

^Reading kukXou (with D,Ar) for peyiaioo kukXou (‘the great circle of the ecliptic') at 
H490.18. Corrected by Manitius. 

M Ger adds 'and points 0 and H in the direction of south and north’, which makes good sense, 
again* refers back to the similar situation with the fixed stars, VIII 6 p. 413. 
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Z 



Fig. 13.17 

that equal intervals below the earth must be taken in order for the identical 
obscuring effect of the sun's rays to take place. 

First, then, this arc [BD] is, naturally, unequal for the various planets, which 
are unequal [in size], so, even if all other factors remain the same, the arc of the 
ecliptic subtending the right angle, i.e. the interval corresponding to ED, must 
vary, being, obviously, smaller for the larger planets, and greater for the smaller 
planets. 

Similarly, even if BD remains the same for the same [given] planet, but the 
angle of inclination of the ecliptic, BED. varies either because there is a different 
zodiacal sign [crossing the horizon] or [the latitude ol] the location is dillerent, 
the arc of the [sun's] distance, ED, will again vary, and will become greater as 
the angle in question decreases and lesser as it increases. 

In the same way. even if we join to the above condition [ofBD being constant] 
the further condition that the inclination remains the same, but the planet does 
not lie on the ecliptic, but is either north ol it at H or south of it at0, its first and 
last visibility will no longer take place at a distance [from the sun] of arc DE, but 
when it is north of the ecliptic, at the lesser distance DK, and when it is south, at 
the greater distance DEL. 

Therefore, for our investigations of the particular cases, it is essential that 
there first be given, for each of the 5 planets, the universally applicable size of 
the arc corresponding to BD, from the more reliable observations of the phases. 
These would be those made in summer, round about Cancer, since at that 
season the atmosphere is thin and clear, and the inclination of the ecliptic to the 
horizon is symmetrical [at eastern and western horizons]. 63 We find, then, by 
examining observations of [first] risings of this kind, 64 that near the beginning of 
Cancer, in general, 


b; ’This is Neugebauer's interpretation of‘symmetrical 1 {HAMA 235), and it is confirmed by p. 
639, ‘when the beginning of Cancer is setting, it forms the same angle and inclination to the horizon 
as belore [at rising] 1 . 

b4 For Saturn at least, these could hardly have l>een Ptolemy’s own observations, as the 
requirement of a longitude near S 0° takes us back to about the year 120, much earlier than any ol 
Ptolemy’s quoted observations. This is confirmed by the references to the Babylonians. 
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638 XIII 7. Observational basis for phases 

Saturn rises [i.e. is first visible] at a distance from the true sun of 14° 
Jupiter at 122° 

Mars at 14$° 

Venus as evening star at 5?°, and 
Mercury as evening star at 11 i°. 

With these data given, let the diagram of the preceding figure be drawn [Fig. 
13.18]. (For such small arcs it will make no difference if, for convenience’ sake, 
we substitute in our calculations the corresponding chords which are not 
sensibly different from them). Let point E be the intersection of ecliptic and 
horizon at the above-mentioned phases, at the beginning of Cancer, and rising 


Z 



for the 3 morning-star planets, Saturn, Jupiter and Mars, but, obviously, 
setting for the evening-stars, Venus and Mercury. Let us take as geographical 
H594 latitude the parallel through Phoenicia, where the longest day is 14J hours, 
since it is mainly on this parallel or round about it that the majority and most 
reliable of the obseivations of the phases have been made, those of the 
Babylonians almost on it, and those in Greece and Egypt round about it. 6;> 

Now we find, by means of the procedure for angles [between ecliptic and 
horizon] previously demonstrated [II 11], that when the beginning of Cancer is 
rising at the latitude in question, 

Z BED = 103°° where 2 right angles = 360°°, 66 
and hence the ratio of the sides about the right angle, b7 

[BD:BE] S = S 94 : 75 where the hypotenuse [DE] = 120 p . 

65 According to the Geography Babylon has a latitude of 35° (which corresponds closely to the 
standard Babylonian daylight ratio M:m = 3 : 2). In fact its latitude is al>out 32?°. The parallel with 
M = I4i h (and <p = 33;18°) is halfway between the climata of Lower Egypt (14 h and 30;22°) and 
Rhodes (14j h and 36°). 

b6 How Ptolemy got this angle remains mysterious: whether he used interpolation in the tables II 
13 (cf. HAMA 236) or direct computation, he should have lound (in round numbers) 53° = 106°°. 
On the general problem of the angles between ecliptic and horizon in this chapter see HAMA 245- 
50. 

b7 Thc text has ‘right angles’, ‘hypotenuses’ etc. !>ecause it is true for each planet. 



639 


XIII 7. Values of arcus visionis for outer planets 

By means of the procedure for the [planetary] latitude, we lind that (considering 
now just the 3 [outer] planets), when they [first] rise near the beginning of 
Cancer, that is, when they are near the apogee of the epicycle, then at any 
distance from the apogee not exceeding rith [of the epicycle circumference ], 68 
with no sensible error Saturn and Jupiter are practically on the ecliptic, while 
Mars is about 5 0 north of the ecliptic . 69 H595 

Therefore their distance from the sun along the ecliptic will be represented by 
DE for Saturn and Jupiter, and by DK for Mai's, since it is north [of the ecliptic] 
bv KH, of the amount 12'. 

And since KH:KE = 94 : 75, 

KE^ 10 ' in the same units. 

But DK is given for Mars as M 2 0 , 

so, by addition, DE = 14;40°. 

And for Saturn it is 14° 
and for Jupiter 12i°. 

So, since ED:DB = 120 : 94, 

we get, approximately, for DB, the arc of the great circle drawn through the 
poles of the horizon, 

11° for Saturn 
10° for Jupiter 
and 1 i:° for Mars. 

Similarly, for Venus and Mercury, when the beginning of Cancer is setting, it 
forms the same angle and inclination to the horizon as before; and we are 
given that, when these planets have their first visibility as evening-star in this 
part of the ecliptic, the distance of Venus from the true sun is 5*°, while 
Mercury's is lli°. Therefore at their [first] risings the true sun will have a 
longitude of 

n 241° for Venus H596 

and EE 18:° for Mercury, 

while the longitude of the mean sun will be about 
II 25° for Venus 
and II 19° for Mercury. 

Therefore the planets will have these positions in mean longitude. And when, 
with these [mean] longitudes, the planets have apparent positions at the 
beginning of Cancer, we find that their distances from the apogee are about 
14° for Venus 
and 32° for Mercury. 

(This kind of computation can be carried out by means of the theorems on their 
anomaly which we set out before ). 70 Accordingly, at these positions, we find 
that 

68 At apogee of the epicycle the planet is at mean conjunction. So Ptolemy is considering 
elongations from the mean sun of up to one zodiacal sign. 

69 See HAMA 235,237. 

70 From the anomaly tables, XI 11, given, for Venus, X = 85°, 5 = 14° and the apogee in 8 25°, 
then K = 30°, leading to an equation of centre ofl ;11°, so a = 15;11°, which leads to an equation of 
anomaly of +6;6 j°, so X = 85° - 1; 11 0 + 6;6]° = 89;56}° ~ 23 0°. For Mercury, with X = 79°, 5 = 32° 
and the apogee in 10°, £=249°, leading to an equation of centre of2;53°, soa=29;7°, which leads to 
an equation of anomaly of 8^16°, hence X = 79° + 2;53° + 8; 16° = 90;9° 1 ** 23 0°. 
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Venus is about 1° north of the ecliptic, 
and Mercury about 1 *° north . 71 

These, obviously, are the amounts of KH [in Fig. 13.19]. 
So, since KH:EK = 94 : 75, 

I : 4 


and 94 : 75 5 


\l 


for Venus 
li° for Mercury. 

And in the same units, by hypothesis, the apparent distance of the planet from 
the sun, 

5?° for Venus 
1 12 0 for Mercury. 

6s 0 for Venus 
126° for Mercury. 

94, 


EK = • 


VK = 


Therefore, by addition, DKE S 


So, since ED:BD is again 120 
and that ratio is about the same as 6 ? : 5 

and I 2 l : 10 . 

we get for DB, the size of the normal distance, 

5° for Venus 
and 10° for Mercurv. 


Q.E.D. 


8 . {That the peculiar characteristics oj the phases of Venus and Mercury are also in 
accordance with the hypotheses) 72 

Furthermore, it is in accordance with the hypotheses detailed above that the 
strange characteristics of the first and last visibilities of Venus and Mercury take 


71 For the calculations conlirming this see HAMA 237-8. 

72 See HAMA 239-42. There is a reference to this in Proclus, Hypoiyposis 117 (ed. Manitius p. 10). 
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place: namely that, for Venus, the interval from evening setting to morning 
rising is about 2 days round about the beginning of Pisces, but about 16 days 
round about the beginning of Virgo; and, for the planet Mercury, the phases as 
evening-star are missing, when one would expect it to appear round about the 
beginning of Scorpius, and the phases as morning-star, when round about the H598 
beginning of Taurus. We can come to understand that as follows; and first for 
Venus. 

Let there be drawn a diagram [Fig. 13.20] similar to the preceding figure for 
the phases, and let point E represent, first, the point on the ecliptic at the 
beginning of Pisces (at this point Venus, when it is near the perigee of the 


G Z 



D 

Fig. 13.20 


epicycle, is about 63° north of the ecliptic). 7 * Let the diagram represent the 
evening setting [i.e. last visibility as evening-star]. In this L BED, at the 
terrestrial latitude in question, is calculated as 154°° where 2 right angles equal 
360°°. 74 

And [in the right-angled triangles BED,KEH], where the hypotenuse is 120 p , 

the greater of the sides about the right angle, 

[BDorKH]~117 p , 
and the lesser, [BE or KE] ** 27 p . 

Hence, where the normal distance, DB = 5°, 

DE = 5;8°. 

Ti See HAMA 239, and cf. XIII 3 p. 602; when Venus is in the node and near the perigee of the 
epicycle its latitude is 6l°. Since Venus’ apogee is taken as 8 25°, for a position ofX 0° it is 27i>° 
from apogee or 5° from the node. 

' 4 On the angles l>etween ecliptic and horizon given by Ptolemy see HAMA 245-50. The 
(rounded) value here, 77°, can l>e found from the tables II13, taking the values for >€ 0° at Clima III 
and Clima IV, 10;5° and 15;53°, taking the mean, 12;59°, and taking its complement, 77;1°. The 
other values given by Ptolemy, however, cannot be so derived. 
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H599 But since the planet is 6i° north of the ecliptic (which amount is represented by 
arc KH), 

and the ratio 117 : 27 ~ 6} : lj, 

KE=li°, 

and, by subtraction, KD, which represents the distance of the planet towards 
the rear from the sun at its evening setting, is 


[5;8 - 1;30 =] 3;38°. 

Z 



Again, on the similar diagram [Fig. 13.21], since at the morning rising [i.e. at 
the planet’s first visibility as morning-star] 

L BED = 69°° where 2 right angles = 360°°, 
and hence, where the hypotenuse [of the right-angled triangles] is 120 p , 
the lesser of the sides about the right angle, [BD or KH] 5:52 68 p , 
and the greater, [BE or KE] 3:5 99 p ; 
and we calculate that 68 : 120 = 5 : 8;49 
and that 68 : 99 = 6.1 : 9; 13, 

so we get DE = 8;49° in the same units, 
and the difference [in longitude] due to the latitude, 

KE = 9; 13°; 

and, by subtraction, DK, [the planet’s distance] from the sun, towards the rear 
(obviously), is 0;24°. 

H600 And at its evening setting its distance, likewise towards the rear, was 3;38°. 
Therefore during the interval from evening setting to morning rising it has 
moved a distance which is less than the sun’s motion (that is, approximately, 75 
its own motion in [mean] longitude) by 3; 14°, which is due to its motion in 
advance on the epicycle. Now it is easy to determine from the table of anomaly 
that a motion in advance of that amount [3;14°] is produced by a motion on the 
epicycle near its perigee of 1 i°: 76 and the planet traverses 1 i° in mean motion [in 

75 ‘approximately’, because the sun’s motion is that of the true sun, while the planet’s mean 
motion in longitude is equal to that of the mean sun. 

^fcrom the table of anomaly, XI 11, Venus has an equation of anomaly of 7;38° fora = 177° 
(= 180°- 3°); hence to3; 14° corresponds 3;l4x3/7;38= 1; 16,14° =« li°. Similarly, (belowpp. 643-4), 
for a = 172j° we find an equation of 18;1° (text 18;2°), and for a = 1771° an equation of 6;2l° (text 
6;38«). 
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XIII 8. Phases of Venus in Virgo 643 

anomaly] in about 2 days. Hence it is clear that that [2 days] is the period of the 
above interval, in agreement with the phenomena. 

Again, on the similar diagram [Fig. 13.22], let point E be taken as the 
beginning of Virgo (at this point, when Venus is at the perigee of the epicycle, it 
is south of the ecliptic by about the same amount, 6 j°). 77 Let us consider, first, 
the evening setting, when 

Z BED = 69°° where 2 right angles = 360°°. 


Z 



D 


Fig. 13.22 


Thus where the hypotenuse [of right-angled triangle BED] is 120 p , 
the lesser of the sides about the right angle, [BD] 68 p , 

and the greater, [BE] ~ 99 p . 

Thus since the ratios [of BD:BE:DE] are the same as for the morning rising in 
Pisces, and the difference due to the latitude is equal [to its amount there], we 
get 

arc ED = 8;49°, 

the difference [in longitude] due to the latitude, LE = 9; 13°, 
and, by addition, DL, the planet’s distance from the sun towards the rear, is 
18;2°. * 

From the table of anomaly, as mentioned before, [the motion in anomaly] near 
the perigee of the epicycle corresponding to that amount [18;2°] of retro- 
gradation with respect to the mean motion in longitude of sun and planet is 
about 7i° 

Similarly, at the morning rising at the beginning of Virgo, when 
Z BED = 154°° where 2 right angles = 360°°, 
and [hence], where the hypotenuse [of right-angled triangle BED] is 120 p , 
the greater of the sides about the right angle, [BD] = 117 p , 

and the lesser, [BE] =: 27 p ; 

and one again finds the same ratios as those set out for the evening setting in 
Pisces, so we get 


H601 


77 Cf. p. 641 n.73. 


. DE = 5;8°, 
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the difference [in longitude] due to the latitude, EL = 1;30°, 
and, by addition, DL, the planet’s distance from the sun in advance, is 6;38°. To 
H602 this amount corresponds, in the same way as above, about 2j° of [motion in 
anomaly] near the perigee of the epicycle. 

Therefore the total amount of motion on the epicycle which the planet Venus 
will perform from evening setting to morning rising is 10°; and it traverses that 
amount in about 16 days, which, as stated above, is the amount agreeing with 
the phenomena. 

Having demonstrated the above, we must apply our theory to the facts 
concerning the missing phases of Mercury, 78 and [show], first, that at the 
beginning of Scorpius, even if it reaches its greatest elongation towards the rear 
from the sun, 79 it cannot become visible as evening-star. 



[Proof:] Let the diagram for the phases [Fig. 13.23] be drawn, with point E 
taken as the point on the ecliptic at the beginning of Scorpius at a [terrestrial 
latitude] such that at setting 

Z BED = 69°° where 2 right angles = 360°°, 
and [thus] where the hypotenuse [of right-angled triangle BED] is 120 p , 
the lesser of the sides about the right angle, [BD] = 68 p , 

and the greater, [BE] = 99 p . 

H603 Therefore where the amount of the normal distance, BD = 10°, 

DE = 17;39°. 

But when the planet is in the above situation, it is about 3° south of the ecliptic. 80 

So, according to the above ratios. 

where L0, the amount of the latitude, is 3°, 

LE = 4;22°, 

and, by addition, DEL [= 17;39° + 4;22°]«22°. 

' 8 A similar phrase is used of Mercury as early as Aristotle (A leteorologica 342b34) 8ta yap to 
ptKpov STtavafkuveiv tKkeinei <paoei<; l>ecause it rises only a little aljove [the horizon] it 

misses many phases (appearances)’. 

79 At XII 9 Ptolemy has calculated the maximum elongations for Mercury at in, 0° and 8 0°, in 
preparation, as he says (p. 591) for this problem. 

^For a computation of this see HAMA 241 n.l 1. 



645 


XIII 8. Missing phase of Mercury in Taurus 


Hence the planet must have that elongation [22°] from the true sun in order to 
have its ilrst visibility. But since its maximum elongation from the true sun when 
it is at the loginning of Scorpius is only 20;58°, as we demonstrated previously 
[XII 9, p. 594] in our treatment of the greatest elongations, it is obvious that it is 
natural for phases of this kind to be missing. 

Again, if we set out the same diagram for the phases [Fig. 13.24] and take 
point E as the beginning of Taurus at morning rising, when the planet, in 
accordance with the positions in question, is about $1° south of the ecliptic, 81 
and the ratios of the sides [of triangles BED, LE0] about the right angles are the 
same as those above, 

then DE = 17;39° 
and, where the latitude 0L = 3; 10°, 

LE = 4;37°. 

Thus, by addition, DEL = 22:16°. 


z 



D 

Fig. 13.24 


Thus here too the planet must have an elongation of that amount [22; 16°] from - 
the true sun in order to have its first visibility. But since its maximum elongation H604 
[in this situation] does not exceed 22:13°, as we demonstrated previously [p. 

595], naturally, this kind of phase too is missing. Thus we have shown that the 
facts in question are in agreement with the hypotheses we set out as well as with 
the phenomena. 


9. {Method of determining the individual elongations from the sun of the first and last 

visibilities } 82 

It is immediately obvious [see Fig. 13.25] that if we take as fixed, for each planet, 
the normal arc [arcus visionis] BD, and are given the beginning of [each of] the 
[zodiacal] signs at the intersection E, and hence angle BED, there will alsojae 
given DE and the position in latitude of the planet at that elongation [i.e. DE], 

81 See HAMA 241 n.ll. 

82 See HAMA 242-56. 
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namely KH or ©L; thence will be given KE or EL [respectively], and also the 
[corresponding] apparent distance, DK or DL. In this way, (to avoid 
lengthening our discussion), we computed, for all the signs and for each of the 5 
planets, but for only one [terrestrial latitude], the intermediate parallel used 
H605 a b° ve ’ s * nce that is sufficient in itself, the apparent distance from the true sun of 
the risings and settings [i.e. first and last visibilities], on the assumption that the 
planets themselves were located at the beginning of the signs. We have set these 
out below, putting them, too, for the user’s convenience, in 5 tables, [one] lor 
[each ot] the 5 planets, each containing 12 lines. The first 3 tables, for Saturn, 
Jupiter and Mars, are arranged in 3 columns: the first column contains the 
beginnings of the signs, the second the elongations at morning rising, and the 
third those at ev ening setting. The next 2 tables, for Venus and Mercury, are 
arranged in 5 columns: the first, as before, contains the beginnings of the signs, 
the second the elongations at evening rising, the third those at evening setting, 
and the fourth, again, those at morning rising, and the fifth those at morning 
setting. The layout of the tables is as follows. 


H606— 10. { Layout of the tables containing the first and last visibilities of the 5 planets}* 3 

H607 

[See p. 647.] 


8i The basis of computation of these tables is in part unclear (see HAMA 242-56), hence I have not 
been able to recompute them to check the numbers. However, from Neugebauer’s computations, 
the following corrections to Heiberg have been made: 

H606.6 Saturn, Morning Rising, Aries, icy X (with DK,Is) for icy a (23;1°) (HAMA 248, n. 11). 
H606,7 Mars, Morning Rising, Taurus, k u; (with DHKL) for k rj (20;8°) (HA At A 248 n. 9 suggests 
2°; 1 9°). 

See also HAMA 255 for a suggestion to emend Venus, Morning Rising, Aries, to 2;0° from 3;0°. 
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TABLES FOR FIRST AND LAST VISIBILITIES OF THE 5 PLANETS 



SATURN 

JUPITER 

MARS 1 

Beginning 

Morning 

Evening 

Morning 

Evening 

Morning 

Evening 

of Sign 

Rising 

Setting 

Rising 

Setting 

Rising 

Setting 

Aries 

23 30 

11 28 

20 10 

10 19 

21 12 

11 40 

Taurus 

21 57 

11 41 

19 6 

10 29 

20 16 

11 48 

Gemini 

17 52 

12 26 

15 51 

11 10 

17 21 

12 30 

Cancer 

14 2 

14 2 

12 46 

12 46 

14 33 

14 33 

Leo 

11 34 

15 34 

10 40 

14 31 

12 28 

17 19 

Virgo 

10 53 

16 53 

10 1 

16 12 

11 46 

20 5 

Libra 

10 48 

17 6 

9 57 

16 34 

It 38 

21 1 

Scorpius 

10 53 

16 53 

10 I 

16 12~ 

11 48 

20 19 

Sagittarius 

11 34 

15 34 

10 40 

14 31 

12 34 

17 32 

Capricorn us 

14 2 

14 2 

12 46 

I 12 46 

14 45 

■ 14 45 

Aquarius 

17 52 

12 26 

15 51 

11 10 

17 35 

12 36 

Pisces 

21 57 

11 41 

19 6 

10 29 

20 26 

| 11 49 




VENUS 



MERCURY 


Beginning 

Evening 

Evening 

Morning 

Morning 

Evening 

Evening 

Morning 

Morning 

o! Sign 

Rising 

Setting 

Rising 

Setting 

Rising 

Setting 

Rising 

Setting 

Aries 

5 10 

4 9 

3 0 

10 28 

9 58 

9 43 

23 58 

00 

to 

CM 

Taurus 

5 8 

4 16 

6 16 

9 40 

10 4 

10 15 

22 15 

22 15 

Gemini 

5 12 

5 7 

9 15 

7 36 

10 18 

11 47 

18 0 

16 44 

Cancer 

5 36 

8 23 

9 50 

5 59 

12 22 

15 34 

14 4 

12 30 

Leo 

6 16' 

13 3 

8 2 

5 5 

13 43 

19 59 

11 25 

10 21 

Virgo 

7 22 

18 2 

6 38 

4 54 

18 1 

23 13 

10 21 

9 59 

Libra 

7 53 

17 43 

5 41 

4 54 

22 49 

23 16 

9 51 

10 0 

Scorpius 

8 20 

13 47 

5 28 

j 4 55 

i 20 1 

22 1 

9 44 

10 19 

Sagittarius 

7 49 

8 1 

4 39 

| 5 16 

18 11 

17 25 

9 25 

11 19 

Capricornus 

6 52 

4 8 

2 43 

6 35 

,13 54 

12 10 

9 36 

14 5 

Aquarius 

5 51 

3 16 

0 30 

8 33 

11 10 

9 50 

12 27 

17 50 

Pisces 

5 22 

3 38 

0 24 

10 16 

10 11 

9 43 

19 15 

21 46 


11. [Epilogue of the treatise] H608 

We have now completed these additional topics, Syrus, and have shown the 
way to deal with almost all the topics which should, at least to my mind, be 
subjected to theory lor the purposes of this kind of treatise, at any rate as far as 
the time up to our own days 84 contributed to greater accuracy in our discoveries 
or in corrections [of earlier discoveries], and as far as was suggested by a 
memorandum 85 directed only toward scientific usefulness, and not towards 
ostentation. So at this point our present discussion can be terminated at an 
appropriate place and at the right length. 


84 Cf. p. 37 n. 11. 
85 Cf. p. 37 n.12. 
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Examples of Computations 

1 (a). II 4 p. 80. Given the terrestrial latitude (<p), compute the distance of the 
sun from the summer solstice as measured along the ecliptic (AX.). 

Example: (p = 4; 15° (cf. II 6, second parallel, p. 83). 

From Table I 15 X 5 

10° 4; 1,38° 

11° 4;25,32°. 

Hence to a declination of 4; 15° corresponds a longitude (counted from 
equinox) of 10;33,33°. 

Therefore the distance from solstice, AX = (90° - 10:33,33°) = 79;26,27° 
(text: 79j°). - 

1 ( b ). II 6 p. 89. Find the terrestrial latitude (tp) at which the sun does not set 
for a given period of time. 

Example: Period of one month. Taking a month as 30 days, and assuming the 
sun to move 1% in the ecliptic, we find that the parallel in question cuts off 30° of 
the ecliptic, or 15° either side of the summer solstice. 

From Table 115 X 5 

90° - 15° = 75° 22;59,41°. 

Hence <p = 90° - 5 = 67;0,19° (text: 67°). 


2. II 9 p. 99. Given the longitude of the sun (Xo) and the terrestrial latitude (i.e. 
the 'clima’), find the length of day or night and the length of the seasonal hour. 
Example: X©= f 28; 18°. Place: Babylon (cf. IV 11 p. 212). What is the length of 
night? 

We use the rising-time table (II 8) for Rhodes (M = 14j h ). 

(a) First method. 

Since it is night, we take the degree opposite the sun, EE 28:18°. 

From the table: p (EE 28;18°): 69;27° 

p (f 28;18°): 286;50° 


Difference (in order of signs), A: 217:23°. 

Length of night in equinoctial hours is A/15: 14;29 h (text: 14? h ). 

Length of 1 seasonal night-hour in time-degrees is A/12: 18;7° (text: 18°) 
(hence length of 1 seasonal hour in equinoctial hours: l;12,28 h ). 
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(b) Second method. 

From rising-time table (II 8 ) at sphaera recta: a (EE 28;18°): 88;9° 

as above p (II 28;18°): 69;27° 


Difference (A): 18;42° 
A/ 6 : 3; 7° 

Since Gemini is north of the ecliptic, add 15°: 18;7° 

This is the length of 1 seasonal night-hour in time-degrees. 


3. II 9 p. 104. Given the length of a seasonal hour in time-degrees, convert the 
time in seasonal hours to the time in equinoctial hours. 

From Example 2 (q.v.), length of 1 seasonal night-hour: 18;7°. 

What is 5^ seasonal hours after midnight in equinoctial hours? 

5: x 18;7/15 = 6;38, so the time is 6;38 a.m. 

Ptolemy (l.c.) multiplies by I? and gets 65 equinoctial hours after midnight. 


4. II 9 p. 104. Given the longitude of the sun (A.o), the terrestrial latitude, and 
the time in seasonal hours, find the point of the ecliptic which is rising (the 
horoscope’). 

Example (cf. VII 3 p. 336). Xq: ty, 13; 17° (text, ‘about the middle of ty,’) 
Place: Alexandria. Time: 2i seasonal hours after midnight . 1 
Length of 1 night-hour {\ 3 = Tty 13; 17°, M = 14 h , cf. Example 2): 16;38° 

Time from sunset: 84 seasonal hours. 84 x 16;38: 137; 14° 

From Table II 8 for Clima III: p (8 13;17°): _ 31;4° 

(we take the point opposite the sun, since it is night) Sum 168; 18°. 

168:18° is the rising-time (at Clima III) of the horoscope: p (Tty 19;51°) 

(text: ‘about ity 22 :°). 


5. II 9 p. 104. Given the same data as in Example 4, find the point of upper 
culmination. 

Total of seasonal hours from last midday: 6 day-hours plus 84 night-hours. 
Length of 1 day-hour: 13;22° 

Length of 1 night-hour: 16;38° 

6 x 13;22° + 8 i x 16;38° = 80;12° + 137;14° = 217;26° 

Rising-time at sphaera recta of sun’s degree: a (TTt, 13; 17°) 220;46° 


78;12° = a (H 19;11°) (text: II 22i°). 


Sum: 78; 12° 


Ptolemy (l.c.) gives 2i equinoctial hours, which is approximately the same. 
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6 . II 9 p. 104. Given the longitude of the horoscope at a given place, find the 
point of upper culmination. 

Example: same data as in Example 4. 

Rising-time of horoscope at Clima III: p (1TR 19;51°): 168;18° 

- 90;0° 


78; 18° 

78; 18° = a (D 19; 16°) (text: El 22i°). 

The discrepancy from the result of Example 5 is due to the rounding to minutes 
of the tables and at every step of the computation. 


7. Ill 8 p. 169. Given the date, compute the position of the sun. 

Example (Cf. IV 11 p. 214). Date: Nabonassar 548, Mechir [VI] 9/10, If 
equinoctial hours after midnight. 

From mean motion table. III 2: 


540' 

AX© 

228; 42,48° 

T 

358:17,53° 

150 J 

147;50,43° 

8 J 

7;53,6° 

13 h 

0;32,2° 

0 :20 h 

0:0,49° 


Sum 547' 158 J 13t h 743:17.21°- 23:17.21° 
k (epoch): + 265:15° 


k: 288:32,21° 

From Table III 6, for argument 288:32°, we find (by interpolation) the equation 
as 2; 13,28°. This is additive, since K falls in the second column. 288;32,21° 

longitude of apogee: + 65;30° 


X: 354:2,21° 

0: + 2; 13,28° 


X: 356; 15,49°, 

or about H 26; 16° (text: X 26; 17°). 


8 . Ill 9 p. 171. Computation of the ‘equation of time’, E (given an interval in 
true solar days, find the interval in mean solar days). 

Example (cf. IV 6 p. 198): 

q: Hadrian 17 (Nabonassar 880) Pauni [X] 20/21, 11; 15 p.m. 
t 2 : Hadr.'an 19 (Nabonassar 882) Choiak [IV] 2/3, 11 p.m. 

From the solar tables (cf. Manitius I p. 437): 

(q): 42;21°, X (q): 8 13;15° 

(t 2 ): 206;42° X (t 2 ): 25; 10°. 
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Hence, from Table II 8 (rising-times at sphaera recta): 
a (t,): 40;44° 

a (t 2 £ 203; 17° 

AX = X (to) - X (t,) = 164;21 
Aa = a (t 2 ) - a (t 2 ) = 162;33 

Since AX > Aa, we subtract E from the ‘simple’ interval, I s 166° 23;45 h , to 
get, for the interval in mean solar days, V 166 d 23;37,48 h (text: 23| h = 
23;37,30 h ). 

9. V 9 p. 239. Computation of the moon’s latitude and longitude 1'rom the 
tables for a given date. 

Example: Nabonassar 466, Thoth [I] 7/8, 2 equinoctial hours-after midnight 
(cf. VII 3 p. 336). 

From the mean motion tables, IV 4: 

X H to rf 

epoch value 268;49° 354; 15° 70;37° 

450 s 260;46,44° 323;26,5° 320;54,6° 10;11,3° 

15' 140:41,33° 250 ; 46,52° 70:41,48° 144;20,22° 

6 d 79:3.30° 78;23,24° 79:22,34° 73;8,40° 

I4 h 7;41,10° 7:37,16° 7;43,2° 7:6,41° 

Sum _ 488,12,57° 929:2,37° 832;56,30° 305;23,46°. 

AX = 128:13° IT = 209 ; 3° m = 112;56° 2f\ = 250:48°. 
From anomaly table, V 8. 

col. 3: c,(2q) = - 13:4° 

true anomaly a = a + c 3 = 209;3 - 13:4° = 195;59° 
col. 4: c 4 (a) = 1;30° 
col. 5: c 5 (a) = 0:55° 
col. 6: c 6 (2ff) = ;36,52 

equation c = c 4 + c 5 .c 6 = +(1;30° + 0;55° x 0;36,52) = +2:4° 

longitude = AX + c + Xepoch = 128;13° + 2;4° + 41;22° = 171;39° (text: I71;30°). 

0 ) = to + c = 112;56° + 2;4° =: 115;0°. 

col. 7: latitude 0(co) = -2;7° (text: -2i°). 


10. V 19 p. 264. Computation of the parallax of the moon for a given time, 
place, solar longitude and lunar longitude, latitude and elongation, from the 
tables. 

Example: time, 2’ equinoctial hours aftermidnight (true local time Alexandria); 
Xo: ni 13; 17°; X<: n 21;30°, (3 <: - 2^° (cf. VII 3 p. 336 and Example 9). 
From solar longitude and local time: culminating point: Lt 19; 11° (cf. Example 
5). 

Distance of moon from meridian: a (irp 21;30°) - a (II 19;11°) 

= 172; 12° - 78; 12° = 94° 

= 6;16 h east. 
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From Table II 13 (Clima III), arguments 6;16 h (vertical) and 7TB 21;30° 
(horizontal), by interpolation in tables for Virgo and Libra: 
arc 90° 

east angle 172;30°. 

Correction to arc and angle for moon’s latitude (cf. V 19 p. 272): 

Crd (2 x (180° - I72;30°)) = Crd 15° = 15;40 p 
Crd (180° - 15°) = Crd 165° = 118;58 p . 

Multiplying p by each of these and dividing by 120, we get 0;17° and 2;9° 
resp ectively. Then the corre cted arc is given by 
V(90° + 0;16°) 2 + (2;9°) 2 ~ 90; 18°, 

and the corresponding angle of correction from: 2;9 x 120 = 2;51 p , which 

W8 

is the chord of ca. 2;44°, half of which is 1;22°. 

Therefore the corrected angle is 172;30° - 1;22° = 171;8°. 

We take the arc as exactly 90° (since otherwise the moon would be below the 
horizon). 

Computation of total parallax. 

From Table V 18, argument £ = 90°. 

Lunar parallax (act = 195,59°, fj = 305;24°, cf. Example 9): 
col. 3 col. 4 col. 5 col. 6 
0;53,34 0;10,17 1;19,0 0;25,0 

with argument (360° - a)/2 (^ 82°), from col. 7: minutes: 58,39 

from col. 8: minutes: 58,31. 

Parallax at syzygy: 0;53,34 + 0; 10,17 x 0;58,39 = 1;3,37° 

Parallax at quadrature: 1; 19,0 + 0:25,0 x 0;58,31 = 1;43,23° 

A = 0,39,46° 

with argument (360° - rj) = 54:36, Irom col. 9: minutes: 42,35. 

Parallax: 1;3,37 + 0 ; 39,46 x 0;42,35 ~ 1;32°. 

Determination of longitudinal and latitudinal components of parallax. 
Angle between hour-circle and ecliptic see above): 171;8°. 

This is greater than 90°, so we take the supplement, 8;52°. 

Twice this is 17;44°, and the supplement of the latter 162; 16°. 

The chords of these angles are 18;30 p and 118;34 p respectively. 

Latitudinal parallax: 1 ;32 x 17;44/120 a * 0;132°. 

Longitudinal parallax: 1:32 x 118;34/120 * 1;31°. 

Latitudinal parallax is southwards (zenith to the north of the culminating 
point). 

Since latitudinal parallax is southwards and the angle greater than 90°, 
longitudinal parallax is positive. 

Result: parallax in latitude: -0;13:° (text: -0;5°) 
parallax in longitude: + 1;31° (text: +1;0°). 
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11 . VI 9. Given year and month, compute lunar eclipse. 

Example: Date, Nabonassar 28, Thoth (cf. IV 6 pp. 191-2). 

From Table VI 3, compute mean opposition: 

Days of Thoth kT a co 

Period: 26 9;55,35 267;58,12° 83;24,29° 230;10,5° 

Yean 2 8; 15,53 7;39,36° 285;25,4° 46;45,54° 

Yean 28 18;ll,28 d 275;37,48° 8;49,33° 276;55,59°. 

Time of mean opposition: 18; 11,28 d = Thoth 18/19, 4;35 p.m. 

65 lies within ecliptic limits for lunar eclipse, which is therefore possible. 
Computation of true opposition. 

From Table III 6, c(ic): +2:21° solar equation 
From Table IV 10, c(a): -0:42° lunar equation. 

True position in latitude: co = co + c(a) = 276; 14° at mean opposition. 
AX. = 2:21° + 0;42° = 3;3°. 

Moon's true hourlv motion in longitude: 0:32,56 - 0,32,40 x 4?' = 0:30,24°. 
At = 3:3 xjt + 0:30.24 = 6;31 h . 

True longitude of moon at mean syzvgv is less than true longitude of sun (minus 
180°). So we add At to the time of mean opposition to get the time of true 
opposition as 11:6 p.m. (text: 11:10 p.m.). 

Motion over At: 3:3 x {: = 3:18°. 

We add this to the position in latitude: co = 279:32° at true opposition. 

In 6;31 h motion in anomaly is 3:33°, so at true opposition a = 12:22°. 
Computation of circumstanc es of eclipse. 

From Table VI 8, II, argument 279;32°. 

At greatest distance At least distance 

Magnitude Duration Magnitude Duration 

2:32 digits 0:26.22° 4:42 digits 0;39,35° 

A: 2:10 digits and 0:13,13°. 

From III, argument 12:22°: sixtieths: 0:43. 

Magnitude: 2:32 + 2:10 x 0:0,43 = 2:34 digits (text: 3 digits observed). 
Duration: 0:26,22 + 0; 13,13 x 0:0,43 = 0;26,3l°. 

To get time from beginning to middle of eclipse, we divide the duration, 
increased by a twelfth, by the moon's true hourly motion: 

0;26,31 x‘H + 0;30,24 = 0;57 h . 

Beginning of eclipse (Alexandria) 10;9 p.m. 

Eclipse middle 11;6 p.m. 

End of eclipse 12;3 a.m. 

Magnitude ca. 2$ digits. 


12. VI 10. Given year, month and place, compute solar eclipse. 

There is no example of a solar eclipse in the Almagest, so I have selected the 
eclipse of 364, June 16, which Theon observed at Alexandria, and gave as the 
example of computation in his commentary on the Almagest, first according to 
the Almagest, and again according to the Handy Tables (Basel edition pp. 332- 
339, cf. Rome [6]). A somewhat different calculation of the same eclipse also 
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appears in some mss. of Theon’s small commentary on the Handy Tables, and 
has been published in exlenso by Tihon, ‘Calcul de F eclipse’. 

Example: Nabonassar 1112, Thoth, Alexandria. 

From Table VI 3 compute mean conjunction: 

Days of Thoth 1c cf To 

Period: 1101 22;41,45 19; 11,56° 222;53,32° 65;41,57° 

Year: 11 1;9,39 358;28,11° 271;4,19° 211;12,3° 

Year 1112 23;51,24 d 17;40,7° I33;57,51° 276;54,0°. 

Time ot mean conjunction: 23;51,24 d = Thoth 24, 8;34 a.m. 

to lies within ecliptic limits for solar eclipse, which is therefore possible. 

Computation of true conjunction. 

From Table III 6, c(ic): -0;41° solar equation 

From Table IV 10, c(d): -3:50° lunar equation. 

True position in latitude: co = co + c(a) = 273;4° at mean conjunction. 

AX = —0;41° + 3:50° = 3;9°. 

Moon's true hourly motion in longitude: 0:32,56° + 0:32,40 x = 0:34,56° 
(Theon: 0:34,56°). 

At = 3:9 x 0:34.56 = 5:52 h . 

Time of true conjunction: 8:34 a.m. + 5;52 h = 2;26 p.m. (Theon: 2 + I + to 
horn's after noon). 

Motion over At: 3:9 x « 3:25°. 

We add this to the position in latitude: a) = 276;29° at true conjunction. 

In 5;52 h mean motion in anomaly is 3:12°, so at true conjunction a = 137; 10°. 
To lind time of apparent conjunction at Alexandria we have lirst to iind true 
local time, i.e. apply equation of time. 

True longitude of sun at mean conjunction: K + T.\ + c.(ic) = 

17;40° + 65:30° - 0:41° = 82:29°. 

Motion of sun from mean to true conjunction: AX 12 = 0;16°. 

True longitude of sun at true conjunction: 82:45°. 

Hence equation of time with respect to era Nabonassar (cf. Example 8 for 
method): +24 mins. 

Time of true conjunction with respect to noon at Alexandria: 2;50 p.m. 
Calculation of apparent conjunction. 

(1) Parallax computation (cf. Example 10). 

From Table II 13, Ciima III, X = II 22:45°, 2;50 p.m.: 
zenith distance: 38:28° angle: 17;35°. 

From Table V 18, £ = 38;28°, a = 137;10° (latitude of moon neglected): 
total parallax of sun: 0;1,45° 
total parallax of moon: 0:39,35° (from cols. 3 and 4 only) 


diilerence in parallax: 0;37,50°. 

Longitudinal parallax (for angle 17;35°): p k = 0;36°. 

Time from true to apparent conjunction is found by dividing the above by the 
true hourly velocity of the moon: 0;36 + 0,34,56 » l;2 h . 

Hence time of apparent conjunction (first approximation): 3;52 p.m. 

(2) Second parallax computation, for corrected time. 
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From Table II 13, Clima III, X = El 22;45°, 3;52 p.m.: 
zenith distance: 51;48° angle: 18;32°. 

In l;2 h motion in anomaly is about 0;33°, hence a for corrected time is 
137;10° + 0;33° = 137;43°. 

Neglecting lunar latitude, as before, from Table V 18, £ = 51:48°, a = 137;43°: 
total parallax of sun: 0;2,15° 
total parallax of moon: 0;49,47° 

difference in parallax: 0;47,32°. 

Longitudinal parallax (for angle 18;32°): p'x = 0;45°. 

Computation of the 'epiparallax’: 

Difference between first and second longitudinal parallaxes, 
d = p'x- px = 0;45° - 0;36° = 0;9 C . 

Further increment, f, is found by f:d = d:p, hence f = 0;9 x 0;9 + 0;36 0;2, and 

epiparallax = d + f = 0;11°. 

Final parallax in longitude: 0;36° + 0;11° = 0;47°. 

To account for sun's motion add y^th to this: n x 0;47° 555 0;51°. 

Time from true to apparent conjunction: 0;51 + 0;34,56 553 l;28 h . 

Hence time of apparent conjunction: 2;50 h + 1 ;28 h = 4; 18 p.m. (Theon: 4y h p.m.) 
Position of moon at this time: 

X: U22;45° + 0:51° = U23;36° 
co: 276:29° + 0;51° = 277;20° 
a: 137:10° + 0:51° = 138;1° 

Computation of circumstances of eclipse. 

Computation of latitudinal parallax. 

From Table II 13, Clima III, X = El 23;36°, 4:18 p.m.: 

zenith distance: 57:18° angle: 19:46°. 

From Table V 18. with £ = 57:18°, a = 138:1°: 
total parallax of sun: 0:2,24° 
total parallax of moon: 0:53,2° 

difference in parallax: 0:50,38°. 

Latitudinal parallax (cf. Example 10) for angle 19:46°: pp = 0:17°. 

We conv ert this to a distance along the moon’s orbit by multiplying it bv 12: 
Aco = 12.pp = 3;24° (Theon uses the factor 114 and gets 3; 19°). 

Since a) is 277:20°, the moon is just past the ascending node. The effect of the 
parallax is southwards, therefore its effect on co is negative. 

Final position of moon on orbit: 277:20° - 3:24° = 273:56°, apparent argument 
of latitude. 

From Table VI 8, I, argument 273:56°: 

At greatest distance At least distance 

Magnitude Duration Magnitude Duration 

4:8 digits 23:44,28 minutes 4:56 digits 26:18,52 minutes 

of travel of travel 

A: 0:48 digits and 2:34,24 minutes. 

From III, argument a = 138:1°: sixtieths: 51,39. 

Magnitude: 4:8 + 0:48 x 0:51,39 = 4:49 digits. 

Duration: 23:44,28 + 2:34,24 x 0;51,39 = 25:57 minutes of travel. 



657 


Appendix A. Example 13 

We increase the latter by nth, to account for the sun’s motion: 28;7', 
and divide by the moon’s hourly velocity, 0;34,56°, to get 
half-duration of the eclipse: 0;28,7 + 0;34,56 « 0;48,18 h 
(Theon: j + i + 50 = 0;48 h ). 

Thus circumstances of eclipse (neglecting variation of zenith distance during 
the eclipse): 

Magnitude: 4;49 digits (Theon: 4;39,18 digits) 

Beginning of eclipse, Alexandria: 3;30 p.m. (Theon: 3;32 p.m.) 

mid-eclipse, Alexandria: 4; 18 p.m. (Theon: 4;20 p.m.) 

end of eclipse, Alexandria: 5;6 p.m. (Theon: 5;8 p.m.). 

(Theon goes on to calculate the differences in beginning and end of eclipse 
because of the variation in the zenith distance, cf. Almagest VI 10 pp. 312-13. 
These amount to 12 minutes earlier and 7 minutes later.respectively, verifying 
Ptolemy’s statements about the effect on the intervals). 

Using modern tables (those in P. V. Neugebauer, Astronomische Chronologie), I 
find: 

maximum phase at Alexandria: 5.6 digits 

times of phases at Alexandria: beginning: 15; 18 h 

middle: 16;28 h 

end: 17;24 h . 


13. VI 13 p. 319. Given the circumstances of an eclipse (magnitude and times 
of principal phases), compute the ‘inclination* (jrpoaveuan;, i.e. point on the 
horizon towards which the line joining the centres points). 

We take as example the solar eclipse of Example 12 (364June 16 = Nabonassar 
1112, Thoth 24), beginning of eclipse (first contact). 

Given: time at Alexandria, 3;30 p.m.; magnitude. 4;49 digits. 

First, find the rising-point of the ecliptic (cf. Example 4). 

The longitude of the sun is II 22:45° (Example 12 p. 655). 

Time in seasonal hours at Alexandria (cf. Example 2): 3 h after noon. 

Hence rising-point of ecliptic: n10°; and setting-point is therefore 8 10°. 
From Fig. 6.7, azimuth of 8 10° at Clima III: 

8 0° 13;33° N. of W. 
n 0° 23;53° N. of W. 
Hence 8 10° is 17° N. ofW. 
From Table VI 12. col. 2 argument 4;49 digits: 37;41°. 

Moon is north of ecliptic (to is somewhat more than 270° in Example 12). 
Hence this angle is set off to the north of the setting-point 
So point of‘inclination’ on the horizon is 17° + 37;41° = 54;41° N. of W. 


14. XI 12 p. 554. Compute the longitude of a planet from the tables for a given 
time. 

Example: Mars, Nabonassar 886, Epiphi [XI] 15/16, 9 p.m. (cf. X 8, where 
Mars is observed for this moment). 
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From mean motion tables, IX 4, find mean longitude and mean anomaly: 

X a 

epoch 3;32° 327; 13° 

810' 138;15,13° 24;48,59° 

72' 92; 17,21° 250; 12,21° 

3 y 213;50,43° 145;25,31° 


10 m (300 ) 157; 13,4° 
14 d 7;20,13° 

9 h 0; 11,47° 


138;28,21° 
6;27,43° 
0; 10,23° 


885' 314^_9 h 612;40,21 ° 892;46,18° 

hence X = 252;40° a = 172;46° (as X 8 p. 500). 

Apogee position at epoch: ZZ 16;40° 
motion of apogee in 886' (at 1° in 100'): 8;52° 
hence apogee position at date: 115;32°. 

Mean centrum (K): 252;40° - 115:32° = 137;8° (X 8: 137:11°). 

From anomaly table (XI 11): 

with argument K, find equation of centre from col. 3 and col. 4: 

137;8°— 9:3 - 0:41 = 8:22° (cl. X 8, Z ZBE = 16:44°°). 

Since K is in the first column (less than 180°), we subtract the latter fromX and 
add it tocf: 

X' = 252:40 - 8;22 = 244:18°, a = 172:46 + 8;22 = 181 ; 8°. 

With argument a, take the equation from col. 6: c 6 ( 181:8°) = 2:10°. 

With argument ic, take the ‘sixtieths’ from col. 8: c 8 ( 137:8°) = 37,9 

Since 1c is between mean distance and perigee (c 8 positive), we take the 

increment from col. 7: c 7 ( 181:8°) = 0:53°. 

Then equation of anomaly c = c 6 + c 8 .c 7 = 2:10° + 0;53° x 0:37,9 = 2:43°. 
(cf. X 8, Z BEX = 5;26°°). 

Since a is greater than 180° (in second column of argument), this equation is 
negative. 

Therefore X = X' - c = 244 ; 18° - 2:43° = 241;35° (X 8: observed: l lb- 


15. XIII 6. Compute latitude of planet, given ‘corrected longitude’ (see p. 635 
n.55: distance of epicycle center from apogee, K 0 ) and ‘corrected anomaly’ (a). 
(a) Outer planet. Example: Jupiter , Nabonassar 507 XI 18, 6 a.m. (cf. XI 3 
P . 522) 

Given: kt 0 = 290;40°, a = 72;3°. 

to = k 0 - 20° = 270;40°: c 5 (co ) = 0,43 (Table XIII 5). 

to > 270°, so we enter col. 3: c 3 (72;3°) = 1:21°. 

P = c 3 .c 5 = 1;21 x 0;0,43 +0;1° (northerly since we took c 3 ). 

Text says that Jupiter occulted 5 Cnc, which according to the star catalogue 
(XXV 5) had a latitude of-0g°. Thus there is a discrepancy of 6°. Tuckerman 
(- 240 Sept. 4) gives p +0;14°. Since 5 Cnc was, by modern calculations, 
almost exactly on the ecliptic at the time of the observation, there could not 
have been an occuhation. 
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(b) Inner planet. Example: Mercury, Nabonassar 486 IV 18, 6 a.m. (cf. IX 7 
p. 450) 

Given: k 0 = 129;44°, a = 239; 15°. 

Table XIII 5, argument a: c 3 = 1;27°, 

c 4 = 2;29°. Since 90° < Ko < 270°, we add to the 
latter ilsth of itself: c' 4 = 2;29° + 0;15° = 2;44° 
K' = k 0 + 270° = 39;44°. c 5 (k') = 45,55. 
p, = 1;27° x 0;45,55 = 1;7°. 

Condition A2 (p. 635) holds, since k' < 90°, 90° < a < 270°, so pj is northerly. 
k" = k 0 + 180° = 309;44°. c 5 (k") = 38,11. 
p 2 = c' 4 .c 5 = 2;44 x 0;38,11 = 1;44°. 

Condition A2 (p. 636) holds, since 270° < k" < 360°, a > 180°, so P 2 is 
southerly. 

P 3 = 0;45° x c 5 (k // ).c 5 (k") = 0;18°. This is southerly. 

P = P, + p 2 + p 3 = +1;7° - 1;44° - 0;18° = -0;55°' 

Text says Mercury' was *3 moons to the north’ -of 5 Cap. In the star catalogue 
(XXXI 24) this has a latitude of-2°; so according to the observation Mercury’s 
latitude should be about -i°, a discrepancy of about?° with the computation. 
From Tuckerman, for -261 Feb. 12, 6 a.m. Alexandria, I find a latitude of 
about +0;8°. 
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Corrections to Heiberg’s text 

This is a list of all corrections to the Greek text of the standard edition which I 
have adopted in making the translation (lor certain types of corrections omitted 
see Introduction p. 4). For each item I give the reference in Heiberg’s text, the 
correction (usually the reading of Heiberg followed, after a colon, by the 
reading I adopt), and the page and note in which I make and, where necessary, 
justify the correction. 

I HI6,9 ta TrXeiova : Belova 41 n.30 
H23,l aimqv : auxov 44 n.39 
H35,18 £VT£$0£V : aux60£v 50 n.58 
H42,l Aoutii : r\ A.017TT} 53 n.62 
H48.20 va : v5 58 n.68 
H54.105 : y 59 n.68 
H55,43 pa : p5 59 n.68 
H56,15 kC : K0 59 n.68 
H57,37 vc; : v£ 59 n.68 
H58,13 pa : p5 59 n.68 
H60,17 Kq : v<; 59 n.68 
H65,13 uito0£pdTcov : (moOspaiKov 62 n.71 
H72,13-15 63axe . . . U7tatcot)£a0a) del. 67 n.80 
H75, 2 to ar|p£tov : ta ar|p£ia 68 n.83 
H81,29 ta : a 71 n.87 
H81,50 k : a 71 n.87 
H83,10 : vy 73 n.89 

H83,13 ic£ : vy 73 n.89 

H86,20 Kaxa SEicapoipiav rcapdXX.r|A.ov : tcaia TiapaM-TiXov 28 n.2 
H92,8 icy : Kq 77 n.ll 
H92,ll icy : 77 n.ll 

H95,18 7tposKTt0ep£V(i)v : 7tpo£KT£0£ipevo)v 79 n.13 

H95,22 7i£pi(p£p£ia : 7t£pi<p£p£icov 79 n.13 

H105,13 ZV : Z'tP' 84 n.28 

H108,13 \q :X 85 n.38 

H108,20 Tty ip' : 7tyi& 85 n.39 

H109,9p?Z'y': pyZ'i'86n.41 

HI 10,3 py 5 : py a 86 n.43 

HI 10,6 ppS : pp 5' 86 n.45 

HI 11,9 Z' y' ip' : Z' iP' 87 n.52 
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Hlll,13v5 Z' q ': va Z' 87 n.54 

HI 12,3 X : 3 87 n.56 

H,113,4 q ': y' 88 n.61 

HI 13,5 ip' : F 88 n.62 

H122.7 pa : pa 93 n.73 

H123,11 0 : o 94 n.74 

H123,21 ME : MH 94 n.75 

H138,2 prj : |Tn XP 99 n.80 

H175.7 p0 vri : p0 nn 130 n.108 

H181,7 p p£ Xa Xa : p pa Xa X£ 130 n.108 

HI83,17 XP : XP X 130 n.108 

H186.17 pXp i )I0 v : pXP K; It0 p5 130 n.108 

H189.6 8uoptK(6xepog seclusi 130 n.110 

HI96,15 aKoXouoOov : cikoXouOov 134 n. 10 

H198.24 £(p' sauTou : u<p’ eauioC 135 n. 13 

H210.23 va : X 141 n.29 

H210.24 ip : va 141 n.29 

H210.25 X : iP 141 n.29 

H215.38 Xe : Xq 141 n.29 

H225.4 opoia seclusi 148 n.39 

H225.Fi!?. A addidi 148 n.40 

H233.2 anouSnq : iraar|c; onouOrjt; 153 n.45 

H239.12 tpripa : ripncoicXiov 156 n.48 

H240.16-17 rffq dvtopaXiac; ejuaK£\)/£co<; : tcov avcopaXiwv Kavovonoiiac 

157 n.49_ 

H247.6 P X5 X<; : P_X5_162 n.53 
H249.20 P X5 Xq : P X8 162 n.53 

H251,24 7cpo<; d7uoy£ioi<; : 7tpo<; xoTq arcoyEiou; 165 n.56 
H254,5 eiroiriodpeGa : 7roir|a6p£0a 166 n.58 
H26K14 diacpopov : tcXeTotov Siatpopov 171 n.67 

H266,5 ir)q a£>^vr|<; : tfjq yrj<; touteoti tou £a)5iaicou 5ia tou KEvxpou 
tt]<; a£Pnivr)(; 173 n.2 
H267,4 xautag : tac; auxa<; 174 n.3 
H269.9 Kaxa xo rc^dxoc; : icaxa 7TA.dxo<; 175 n.5 
H280,5la :I 180 n.20 
H294,6 xauxrjc; : ica'i xfjq auT7]<; 180 n.22 
H30K10 auptpcovo^ del : auptpcovoq 190 n.28 
H317,4-5 opox; ax; po ujroKEipEvou toutou : opoicoq 200 n.42 
H317,25 xpiycovov : opOoycoviov 200 n.43 
H318,8 BEZ : BEZ opOoycoviov 200 n.44 
H319,4 xpiycovov : opOoycoviov 200 n.43 
H319,7 £5£ix0O pic : pic 201 n.45 
H319,14 xpiycovov : opOoycoviov 200 n.43 

H321,14-15 xou E7 u.kukA.ou [e^tikovtci] ttoieTxo art’ auTrj^yx, eav xayx :T °u 
etukukA.ou tcov auxffiv £cmv £av xd,yx tou TExpaycovou 201 n.46 
H332,14 yevop£vrj : y£vop£vr| 208 n.59 
H344,5 po£ f\ : po£ Kai 213 n.70 




H347,16-17 rm'iaei Kai xpixcp Kai Sekoxg) : f|pia£i Kai xpixto Kai %iaei Kai 
xpixcp Kai 8eK(ixq} 215 n.75 

H353,l-2 xSv ev ap^Tl xf )c, auvxa^ecoq OrcoSeSeiYpevcov : x8 sv apxx} xt^<; 
auvxd£eco<; d7io5e5eiypev(p 218 n.3 

H353,24-354,1 Kai 5ia xrfc arcevavxiov Kai napaXXf\Xov xofi kukXou nXevpaq 
coajtEp KeKoXXrjpEvoc; dp<pox£pai<; auxSv xaiq £7tupavsiau;: cbarcEp 
K£KoM.r||i£voq ap<pox£pai<; auxrjq xaiq EirnpavEiaiq 219 n.5 
H358,20-21 del. Kai ypacpEiv nEpi xo Z KEVXpov xov AH EKKEvxpov 221 n.8 
H360, Fig. corrigenda ut 222 n.9 
H363.16 v' : va' 224 n.13 

H385,7 drcoxE^oupEvrjg avcopaMaq : azroxEXoupEvriq 235 n.28 

H395, Fig. corrigenda ut 240 n.33 

H404,17-18 del. 7rpo<; tt] aoxfi ypappr] 245 n.41 

H416,18-19 transposui post 1.8 251 n.5U 

H417,23 del. 7tX£ioxr}<; ouarjc; 252 n.55 

H431,4 p o : p" 260 n.7U 

H431.13 p o : p 260 n.70 

H443.41 pa : Ka 264 n.73 

H449,16 6F auxou : 5ta xoo H 267 n.81 

H451,12-13 del. 5ia xo noXv paXXov ekeivcov aoxac; \if\ 5£5oa0ai 269n.83 
H465,10 vp : va 277 n.6 
H475.2 p o : p 282 n. 14 
H475.6 v?o : 282 n.14 

H475,15-17 del. 8o0evxoc; too Kax’ auxTi v nXr \ Qov <; xSv tar)p£piv(ov copSv xr\q 
arco xou pEaripPpivou drcoxrjc; 282 n. 16 
H477,10 6 : 5' 283 n.19 
H485.22 del. Kai 287 n.31 
H490,16 pEyiaxrjq : p£crr|<; 290 n.35 
H494.12 pEyiaxov : pEaov 292 n.43 
H498,8 del. and o ke 294 n.47 
H501,10 5id : Kai 5id 295 n.52 
H50U8 del. yap 295 n.52 
H507.3 del. ouv 298 n.57 
H512,l (paivopEvcov : yivopEvcov 302 n.58 
H514,20 Y : Y' 303 n.62 
H519,20 iy Kp o : iy k (3 o 305 n.63 
H521.27 pP : vp 305 n.63 
H521,29 c; : \q 305 n.63 
H521,31 pp : vp 305 n.63 
H537.12-13 del. xf|<; EK^Eivj/Eax; avsu 314 n.78 
H539.7 ekxo q : evxo<; 315 n.82 
H544.13 k^ : X6 318 n.86 
H544,23 k5 : Ka 318 n.86 
Fig. ad l mem Vol. I corrigenda ut 316 n.83 
II H4,14 xf|v : xlfc 322 n.6 

H9,4 XapPavEi : arcoXappavEi 325 n.32 
HH,10xov : xou<; 326ji.44 
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H12,12_del. eic tti ercopeva 327 n.49 

H29,7 ip : ip^336 n.73 

H32,l foe : to8 337 n.81 

H32,18 £tt£x ov : a7tevov 338 n.83 

H32.19 i6 : iB' 338 n.84 

H33,20 knzyov : d7tsx ov 338 n.83 

H37,2 xa?<; xou : xaig xrfc sirox^ etu xou 340 n.92 

H39,6 i<; : i <;' 341 n.96 

H43,14kP L'W : Kp Z' 343 n.104 

H43J5 icy' : icy' 343 n.106 

H44,19 ettopevoc; : TTpo^youpEvoc; 344 n. 110 

H45,20 tt£ : Try 345 n.lll 

H46.13 del. opou la 345 n.114 

H47,4 tt y' : Tty 345 n.112 

H47,7 i y' : ly 345 n.113 

H55,5 vfT : vy <;' 348 n.123 

H58,16auxGv : auxoft 350 n. 135 

H59,3 k6 : k 5 350 n.133 

H64,19 tGv : iot? 353 n.142 

H67,19 iq : i y' 354 n. 147 

H69.13 k<; : icy 354 n. 150 

H71,18 kc; : icy 355 n. 155 

H85.18 i Z' : i 361 n.173 

H89.4 i£Z' : i£ s' 362 n.180 

H90.5 EKToq : ejcxoc; 363 n. 190 

H9l,10 Ka : k6 364 n.195 

H96,13 5 Z' y' : £ 5' 366 n.212 

H96,I4 £ 5' : 5 Z' y' 366 n.212 

H101.6 y e' : y <;' 368 n.221 

H103,7y' (pr.) : <;' 369 n.226 

H103.8Z' : 369 n.227 

H103J0 p Z' : p Z' y' 369 n.228 

H105.7 q' : Z' 370 n.240 

HI 11,13 k vo ir) (o’ : k <;' vo irj 372 n.7 

HI 11,14 k q' vo iti : k vo it) [o’ 372 n.7 

HI 13,7 ice : K0 373 n.9 

HI 15,18 Ky Z' y' : kc; Z' y' 375 n.18 

HI20,10 popeicov : voxiwv 377 n.31 

HI36.8 auxSv : aoxoft 384 n.76 

H147,18 pc; <;' : pc; 389 n.100 

HI49,4 p0 Z' 6' : p0 Z' 389 n.101 

H161,8 Xy :Xy' 395 n.131 

H161,12 py : p y' 395 n.133 

H165,13ay' : Xy' 397 n.146 

HI66,2 atkSv : auxG 397 n.149 

Hi69,12 la : i5 399 n. 157 

HI72,8 To£oxou : xo£ou 400 n.161 



665 


Appendix B. Corrections to Heiberg VoL II 

HI72,11 To^oxou : xo£ou 400 n.161 
HI76,18 xfp vooxcp : xffiv coxcov 403 n. 172 
H176,24 xoftxo npEpa oXov : oXov xofixo ^p£pa 403 n.173 
HI77,13 del. am 403 n.174 
HI 79,4 Tiapa : urco 404 n.177 
HI79,14-15 kcu’tSv : and toO 404 n.178 
H181,5 TC^eupaq : jrXeupSv 405 n.182 
HI86,13 auxoO : aux8v 407 n. 188 
HI90,18 avax£>Aovxoq : dvaxEiXavxoc 409 n. 195 
HI90,22 KaxaSuvovxoq : KaxaSuvavxoq 409 n.196 
HI92,19 del. (patvopEVOV 410 n.197 
H192,20 post jiEaoopavnan add. icai xo onEpynvxouxoucpaivopEvovyivExai 
410 n.197 

HI94, Fig. corrigenda ut 411 n.200 

H198,18 5ovaxov [sivai] : dovaxov eTvcu 413 n.204 

H200,6 xo : xou 414 n.207 

H200,7 0ZK : H0ZK 414 n.207 

H200.13 KEicXipvou : eyicXivopvou 414 n.208 

H203.14 xo Kax' auxaq xSv xQv aaxEpcov ipaaecov xnpnaEtq : jcax’ auxaq xaq 
xSv cpaoECov xnpncteiq 416 n. 211 
H204.3 arc’ auxcov : and 417 n.212 
H2I6,1 /£u :,yu 424 n.25 
H216,2 vy : py 4_24_n.26 
H219.2 X0 426 n.31 

H219,7 v(3 Xr\ : v|3 vr[ 426 n.32 
H235.24 q : vq 426 n.33 
H238,3 p : o p 426 n.33 
H250,17 del. Kai 442 n.37 
H259,4-5 del. r\ (mo x8v iocov TtXEOpSv 447 n.47 
H260,8 post dviopaA/iav add. dtacpopou 448 n.48 
H264.18 K0 / : K<x' 450 n.58 
H264,24 Sri^ovoxi : 6 e 450 n.61 
H265.16 del. X' 451 n.63 
H271, Fig. corrigenda ut 454 n.79 
H273,19 in' : 10' 456 n.81 
H275,13 k5' : Ka' 456 n.84 
H283,4 auxou : auxQv 461 n.91 
H294,5Trj y' : p 467 n.105 
H297,5 iS' : S' 469 n.4 

H298,14-15 KaxaA.dprtEiv : KaxaXapvj/Etv 470 n.8 
H303,2 EKaxEpa : EKaxEpac 472 n.ll 
H311,4pxP l : a' s xoq 477 n.18 

H311,5 co7td' : cono egxiv and NaPovaaaapou 477 n. 18 
H314,22 dvcojiaXttov : avcopaXiaq 479 n.20 
H318,18 guvoSeuei : guvoSeugei 481 n.25 
H319,8 del. xouxegxw ?i£t(p0Eiaa utt’ auxn<; 481 n.27 
H322,l Siaaxaaecoq : 5tapxpou axdascoq 484 n.31 
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H324,8 aural : aurai 486 n.35 

H324,22 KAM, ITY : KAM tSv ITY 486 n.37 

H329,17jrpO£Tour(p : evroq toutou 488 n.41 

H335,9 492 n.48 

H342,23 raura : rauta 494 n.53 

H345,22 ©r : ©rM 498 n.55 

H348,10 del. y' 300 n.61 

H371, Fig. corrigenda ut 5J2 n.5 

H373, Fig. corrigenda ut 514 n.6 

H379,3 post STiopeva add. tou ouroyeiou 518 n.10 

H381, Fig. corrigenda ut 519 n. 11 

H389,2 r| £K tou : f| B© ek too 523 n.18 

H396,10 fly : Icy 527 n.24 

H396,13 py : >cy 527 n.24 

H411,22 T : a 537 n.29 

H412,1 uTTOKetiai : ukekeito 537 n.30 

H417J3 U7r6Keirat : utc£K£ito 540 n.33 

H424,6 5' : t5' 543 n.37 

H425,9 0jJ 543 n.39 

H425,14 p5 : py 544 n.39 

H428.18 del. Ttpwrcav 545 n.45 

H433,4 kc; :~q 547 n.52 

H441.49 t0 : te 548 n.55 

H442.I7 : v£ 548 n.55 

H443,34 va : v8 548 n.55 

H443,36 ve : v0 548 n.55 

H443.43 vr| : pr| 548 n.55 

H444.9 k6 : K0 548 n.55 

H460J3 rou £KK£vtpou : £KK£vrpou rou 560 n. 11 

H470,6 rou : rf )q 567 n.28 

H470.8 pr)5£voc; : pq5£v 567 n.29 

H471,18-19 del. toioutwv 568 n.34 

H471,20Jv : vq 568 n.35 

H472.5 pP : pa 568 n.36 

H474,16 aurSv : auraic; 570 n.41 

H475,14 q : q' 570 n.43 

H476,9 aurSv : auraTc; 570 n.41 

H477,18 aurSv : auraTc 570 n.41 

H483,22 vq : va 575 n.58 

H494,20 p£0o5£uop£v : p£0co8£uaap£v 583 n.82 

H497,21 tovJ anoydou : and tou arcoyaou 584 n.84 

H504,20 del. an^ou 587 n.90 

H513,16 del. xai 591 n.93 

H519J3 v : vy 595 n.100 

H520 del. columnam quartam 596 n. 102 

H$25,23 del. to tiXeTotov 597 n.5 

H526,l del. rfo rctaioTtp tote 598 n.6 
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H537,20 del. T6 602 n.24 
H554,l 1 KAM : KAM 613 n.36 
H590,18 del. neyiaxou 636 n.60 
H606,6 Ky a : kj X 646 n.83 
H606,7 jc X] : k u; 646 n.83 
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How did Ptolemy derive the mean motions for the jive planets? 

Our discussion concerns only the mean daily motions in anomaly, since the 
mean daily motions in longitude are not derived independently: for Venus and 
Mercury the latter are identical with that of the sun, while for the outer planets 
they are found by subtracting the mean daily motions in anomaly from the sun’s 
mean daily motion. 

The answer to the above question would seem to be provided by those 
chapters entitled, ‘On the correction of the periodic motions [of each planet]’, 
IX 10 (Mercury), X 4 (Venus), X 9 (Mai’s), XI3 (Jupiter) and XI 7 (Saturn). In 
every case Ptolemy determines the position of the planet on the epicycle at one 
of his own observations, and also at an ancient’ observation (approximately 
400 years earlier). From the (Babylonian) period relations stated in IX 3 he 
computes how many integer revolutions in anomaly have occurred between the 
two observations: this plus the increment in degrees derived from the two 
observations gives the total motion of the planet in anomaly. Division of the 
latter by the interval in days and fractions of a day between the two 
observations gives the mean daily’ motion in anomaly, and Ptolemy explicitly 
states in every case that this was the basis of the mean daily motion used in the 

tables (IX 4)1 

However, if one does the computations implied in the above chapters using 
Ptolemy’s numbers, in no case does one find agreement with the mean daily 
motions in anomaly which he actually lists, 1 as the following shows. 

Ptolemy’s mean daily motions in anomaly (IX 3 pp. 424-5) 


h 0;57,7,43,41,43,40% [1] 

^ 0;54,9,2,46,26,0°^ [2] 

S 0;27,41,40,19,20,58°/d [3] 

$ 0;36,59,25,53,11,28% [4] 

§ 3;6,24,6,59,35,50°/j [5] 


p. 543 h travels 35,11,51;27° in 36,57,59;45 d -0;57,7,43,41, 44,18% 2 [la] 

p. 524 % travels 34.31,45;45° in 38,15.32;57.30 d - 0:54,9,2,45,8,48% [2a] 

p. 504 3 travels 19,13,1;43° in 41,38,l;40 d - 0;27,41,40,19,2<9,7% 3 [3a] 

'cr. Newton pp. 320-1, 325-7, where the discrepancy is descril>ed almost correctly, but 
implausible consequences drawn. 

“ In these and subsequent computations the last place is rounded on the basis of one more 
computed place. 

3 Ptolemy gives an increment ol’*f day 1 , implying6 a.m. Ibr the lirst observation and 10 p.m. lor 
the second. If we assume (improbably) that the second was in Tact 10;25 p.m. (cf. p. 484 n.32), and 
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p. 479 9 travels 25,35,38;25° in 41,30,52 d - 0;36,59,25,49,£,5/ o / d 4 [4a] 

p. 467 § travels 2,6,52,6;53° in 40,50,13;33,45 d - 3;6,24,6,5 < 9,J9,4 < r% 5 [5a] 

The worst of these discrepancies, that for Jupiter, 0 does not produce an error 
of as much as one minute of arc in 400 years. Hence it is clear that Ptolemy had 
no motive for ‘fudging’ here (and also that it is strictly illegitimate to derive a 
mean motion to the sixth sexagesimal fractional place from observations 
separated by only 400 years). But, although his observations are essentially in 
agreement with the mean daily motions he uses, the latter cannot be derived from 
them, not at least by the method he states. 7 

An alternative possibility is suggested by the way the derivation of tfte mean 
motions is presented in IX 3. There Ptolemy expresses them in the form of 
‘corrections’ to the period relations, e.g. ‘for Saturn, 57 returns in anomaly 
correspond to 59 tropical years plus I i days’. These are reduced to degrees and 
days, e.g. ‘Saturn travels (in anomaly) 20520° in 2155l;18 d ’. It is plausible to 
suppose that the latter are actually primary, i.e. the corrections ‘plus lj days’ 
etc. are derived from the equivalences between days and degrees together with 
the parameter ‘one tropical year equals 365; 14,48 d \ 8 These equivalences can be 
derived from the pairs of' observations in IX 10 etc., combined with the 
Babylonian period relations, as follows. 

Example: Saturn. From Hipparchus Ptolemy knew the Babylonian per iod 
relation, 57 returns in anomaly take place in 59 years, i.e. that the planet travels 
(57 x 360)° in approximately (59 x 365:14,48) d . He knew from his pair of 
observations that it travels 35.11,51:27° in 36,57,59,45 d . From the latter 
equivalence he could derive a ‘correction* to the period of days in the former, by 
multiplying 36,57,59:45 by (57 x 360) and dividing the result by 35,11,51:27. 
This produces 5,59,11:17,59,55. . . d , or (rounded to the nearest sixtieth) 
21551:18 d , as in IX 3. The corresponding calculations for the other planets are: 
TJ. 38.15,32:57,30 x (65x360)+34,31,45:45 = 7,12,7:36,42,19. . . d or (rounded) 
25927:37 d , as in IX 3. 

s 41.38,1:40 x (37 x 360) + 19,13,1:43 =8,0.57:40,45,50. . . d or (rounded) 
28857;41 d . Text in IX 3 has 28857:53, emended by me to 28857:43 [cf. n.8). 


the increment actually 16:25 h , this would make the interval 41,38.1 ;41,2,30 d . leading to 
0:27,4 \AQJ8,46J2%, which is even more discrepant. 

* But see p. 479 n.21. The interval, which Ptolemy rounds to integer days, should probably be 1 \ 
or 11 hours less. These corrections lead to daily motions of 0:36,59,25,5/, 56.24° and 
0:36.59,25,52,29./9°, of which the second is much closer to, but still not identical with, the 
tabulated daily motion. 

5 Applying the equation oftimeof-23 mins, to Ptolemy’s observation, i.e. taking the increment 
as 13:7 h . instead o! 13f, leads to a daily motion of 3:6,24,7,3,2°. which is even more discrepant. 

b Assuming that we correc t the interval lor Venus as in n.4. 

7 In case anyone should conjecture that Ptolemy computed the times of the observations more 
precisely than he states (with e.g. corrections lor equation of time), I note that in order to get 
Ptolemy's mean daily motion accurate to the sixth sexagesimal fractional place directly from the 
observalions, these.' would Itave to l>e recorded to an accuracy oi seconds, which is totally implausible. 

8 This works well for all planets except Mars (where the text ligure, ‘28857;53 d ’ is certainly 
corrupt: I have emended ‘53* to ‘43\ but ‘42’ would give perfect agreement with the above 
hypothesis) and Mercury, where ‘+1 w d ’ should rather l>e *+1 ;3 d .’ But, rather than emending to ‘ 1 !o d * 
(which is possible), we can regard ‘ItIV*’ as simply a small inaccuracy. 
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$ 41,30,52 x (5 x 360) + 25,35,38;25 = 48,39;40,5,19. . , d or (rounded) 
2919;40 d , as in IX 3. 9 

§ 40,50,13;33,45 x (145 x 360) + 2,6,52,6;53 = 4,40,2;24,1. . . d or (rounded) 
16802;24 d , as in IX 3. 

From these 'corrected period relations’ the mean daily motions can now be 
derived: 

Vl 20520° in 21551 ;18 d leads to 0;57,7,43,41,43,39,41. . .% in agreement with 

M- 

23400° in 25927;37 d leads to 0;54,9,2,42,55,52. . .% in disagreement with 

[2] , and worse than [2a]. 

$ 13320° in 28857;41 d leads to 0:27,41,40,78,59,72. . .% in disagreement with 

[3] , and worse than [3a]. 10 

9 1800° in 2919;40 d leads to 0:36,59,25,53,11,27,36. . .% in agreement 
with [4]. 11 

§ 52200° in 16802;24 d leads to 3:6.24,6.59,35,49,55. . in agreement 
with [5]. 


Thus, perverse as this procedure may appear, it could theoretically be used to 
derive Ptolemy's mean motions lor Saturn, Venus and Mercury. However, it 
f ails miserably tor Jupiter and Mars, which easts doubt on the validity of this 
explanation in general. 

Let us suppose, instead, that Ptolemy found his mean daily motions by some 
other method. Then the equivalences Saturn travels 20520° in 21551:18 d ' etc. 
can be directly derived by division ol 20520 by 0:57,7,43,41,43,40, etc., 12 and 
the pairs of observations in IX 10 etc. are simply used as a check. E.g. for Saturn 
Ptolemy found from the observations an increment of 351:27° in 364 > 2194 d . 
From the mean motion tables one finds, for the latter interval. 351;26,59°. The 
corresponding numbers for the other planets are: 


7J. 377 s 128 d -l h 
<3 410' 23l? d 
$ 409 s 167 d 
§ 402 s 283 d 13t h 


observations 105:45° 
observations 61:43° 
observ ations 338:25° 
observations 246:53° 


tables 105:45,48° 
tables 61:42,55° 
tables 338:27,48° 13 
tables 246;53,28°. 


Thus the observations can in every case be regarded as justifying the mean 
motions used, w ithin the accuracy attainable. On this assumption, Ptolemy had 
derived his mean motions from some other source, and simply did not bother to 


9 Taking an interval li or 1: hours less (see n.4) makes no difference to the (irst sexagesimal 
Tract ional place. 

10 Taking the sexagesimal fraction of the day as 42,43 or 53 (cf. n.8) produces a progressively 
smaller mean daily motion and progressively greater disagreement. 

11 It is interesting that this quotient lies almost exactly in the middle between the mean daily 
motion which Ptolemy gives explicitly (28 in the last sexagesimal place) and that underlying the 
sections for years and 18-year periods in the mean motion tables (27 in the last sexagesimal place, ctr 
p. 425 n.29). Is this an indication of’ incomplete revision? 

12 Mars is still a problem here, since this method also produces 28857;41 12 (cf. n.8). 

H For an interval ll h less (cf n.4) one finds from the tables 338:25,30°, in agreement with the 
result horn the observations. 
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change them on the basis of the observations he quotes (in this he was absolutely 
justified, since, as we saw above, an interval of 400 years is insufficient to 
guarantee more than 4 sexagesimal fractional places; he was not of course 
justified in concealing it from his readers). 

This still leaves unexplained the basis of the actual mean motions. One might 
con jecture that they were derived from observations made over a shorter period 
(e.g. between Hipparchus and Ptolemy). It is easy to find, by Diophantine 
analysis, plausible intervals in time and longitude which produce the exact 
numbers, e.g. for Mai's a motion in 274' 189; 16° of 128 revolutions plus 169;32° 
leads to a mean daily motion of 0;27,41,40,19,20,57,59% But in the absence of 
ar\y evidence for such obseivations by Hipparchus this remains mere arith¬ 
metical juggling, and we must admit that the origin of these numbers, at least 
for Jupiter and Mars, and probably for all the planets, remains unknown. 14 


14 An alternative conjecture is that the mean motions were indeed derived from the quoted 
oljservations, but by applying a ‘correction’ to an earlier (?Hipparchan) mean motion, in the same 
way as the mean motion in lunar anomaly was corrected in IV 7 (and in lunar latitude in the 
Canobic Inscription). But since no such mean motion is mentioned by Ptolemy, the details would be 
irrecoverable. 
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This index contains all instances of proper names occuring in the book, with the following 
exceptions: purely bibliographical references, kings in the king-list (p. 11) not mentioned elsewhere, 
trivial occurrences of ‘Ptolemy’. ‘Heiberg’ and ‘Manitius’, month names, signs of the zodiac, 
constellations, named stars (although certain observ ations involving Regulus, Spica and other stars 
are included), and trivial mentions of the planets, sun and moon. It is also a subject index, but is 
highly selective lx>th in the topics listed and in the references to those topics. However, it does 
include ail observations recorded in the Almagest, listed under the body (e.g. Mars) or event (e.g. 
equinoxes) concerned, with the date in the Julian calendar and the observer or place of observation. 


Achilles. Isagoge* 19 

Adulitic gulf, parallel through, 84, 84 n.29 
‘advance', 16; meaning of, 20, 340 n.93. 344 
n. 110 

* Aeon-tables', 137 n.18, 420 n.6, 422. 422 n.I2 
aether, 36 n.8. 40; cf 600 n.15 
Agrippa, observation of occultation bv, 334, 
334 n.68 

Alexander of Abonouteichos. 381 n.60 
Alexander of Macedon. 11; death of. era. 10 
n. 16, 138(quater), 138 n.20, 154. 168, 227. 
230. 502, 522 

Alexandria; Ptolemy worked at. 1; libraries at. 
1, 421 n. 10; Almagest studied at. 2; 
meridian through. 225,225 n.I6.337 n.78: 
used as norm, 130, 130 n.109. 169. 191. 
192,207, 208. 212.213. 237,253,282.305, 
310, 334-5. 335 n.70. 337. 338, 650. 652, 
654, 655,657,659; equatorial rings at. 133. 

133 n.7, 134; Square Stoa at, 133. 133 n.7; 
Palaestra at, 133 n.7, 134; latitude of 
30;58°. 247, 248; seasonal hours at, 283; 
observations at 1 : bv Timocharis, 12. 334, 
334 n.67, 335, 336,'337; bv Ptolemv. 198, 
223, 247, 247-8, 328, 461, 475, 520. 538; 
?by fheon, 206 n.54; bv unknowns, 134. 

134 n.9, 214, 215, 283 

Almagest: date of, 1; Greek name of, 1, cf. 546 
n.48; importance of, 2; a standard text¬ 
book, 2; mediaeval translations of, 2. 3; 
origin of name, 2; ?Pahlavi translation of, 
2; primed editions of, 3; manuscript 
tradition of, 3-4, 24; interpolations in, 5, 
17, 219 n.5, 221 n.8, 235 n.28. 245 n.41, 
252 n.55, 269 n.83,282 n.16, 294 n.47,313 
n.74, 314 n.78, 315 n.79, 442 n.37, 447 


n.47, 516 a9, 587 n.90, 593 n.97.597 n.5, 
598 n.6; chapter headings and divisions in, 
5, 24, 27 n.l, 131 n.l, 251 n.50; structure 
of, 5-6, 37-8; mathematical methods in. 
6-9; chronology’ in, 9-14; time-reckoning 
in, 23; didactic purpose of, 546 n.48. 
See also errors, computational; star cata¬ 
logue 

almanac, perpetual. 140 n.27 
Ammisaduqa, Venus tablets of, 166 n.59 
dptpioKiog, 82 n.24 

‘ancient astronomers’, 131, 175, 175 (‘even 
more ancient’), 252 n.51 ^’more ancient ) 
anomaly, various meanings of, 21. See also 
moon; planets 

Antares, used as sighting-star, 450, 473 
Antinous, 357. 357 n. 160 
Antioch, school at. in late antiquity, 2 
antipodes, 75 n. 1, 294, 294 n.47 
Antoninus. Roman emperor, 1, 11, 138. 223, 
328, 449.450, 456(ter), 461, 469,473, 474, 
484, 499. 507, 519, 520, 538, 540; first year 
of reign, epoch of Ptolemy’s star catalogue, 
1, 328, 340, 406, 477, 502, 522 n.17 
apogee: Greek terms for, 22; mean, defined, 227. 

See also moon; planets; sun 
Apollonius of Perge: knew equivalence of 
eccentric and cpicyclic hypotheses for 
planets. 144 n.32, 556 n.3; lemma of, for 
stationarv points, 555; preliminary lemma 
of, 558 

‘Apollonius, Circle of, 556 n.3 
Apseudes, Athenian archon, 138(bis) 

Aratus, Phaenomena , 348 n.l21, 349 n.130, 350 
n.134, 358 n.165, 384 n.77, 391 n.114; 
scholion on, 15 n.27 


1 Only those observations in which Alexandria is specifically mentioned are recorded here; there can be no 
doubt that e.g. all of Ptolemy's •bseivations were made there. 
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Arbela, lunar eclipse of-330 Sept. 20 observed 
at, 75 n.3 

Archimedes: theorem of, used for Ptolemy’s 
chord table, 52 n.60; observations of sol¬ 
stices by, mentioned by Hipparchus, 133; 
limits for n found by, 302, 302 n.60; order 
of planets according to, 419 n.l 
arcus visionis: for fixed stars, 413, 413-15; for 
planets, 639-40 
area digits, 302-5, 302 n.59 
Aristarchus of Samos: heliocentric hypothesis 
of, 44 n.41; solstice observed bv, 137, 137 
n.l 9, 138, 139 

Aristotle: associated with Kallippos, 12; men¬ 
tioned in Almagest, 35; physics of. 36 n.8; 
Metaphysics 1026al8ff, 35 n.7: Meteorologica 
3421)34, 644 n.78; mentioned, 36 n.9 
Ai istyllos: fixed-star observations of, used bv 
Hipparchus, 321; star declinations ob¬ 
served by, 331, 332 

armillary ring. See equatorial armillary 

armillary spheres. 43, 43 n.36. See also ‘astrolabe’ 

ascensional dilference, 95 n.76 

Astaboras. river, 84 n.30 

Astopus, river. 84 n.30 

daxqp, meaning of. 21 

‘astrolabe’ (armillary sphere) 43 n.36: construc¬ 
tion of, 217-18. 217 n.l; observation with. 
219. 219 n.4, 224, 224 n.l l, 327-8. 328 
n.51, 339. 339 n.87, 423. 423 n.l7, 
449{bis'>, 456. 461,474. 484. 499, 507, 520, 
525, 538; advantages of, 453: ?not used by- 
Hipparchus. 227 n.20 
astrolalx* if small astrolabe’), 217 n.l 
astrology, terms in, 407 n. 185. 407 n.l87, 408 
n.l 90 

’astronomical’ dating, 9 n.li 
astronomv, Babvlonian, 90 n.70, 175 n.7, 176 
n. 10. 224 n. l4, 322 n.5,374 n. 13,423 n.19, 
669. See also observations, Babylonian 
astronomy , early Hellenistic, 82 n.20 
astronomv, Indian, 82 n.20, 224 n.14, 420 n.6, 
422 n.12 

Athenaeus, 374 n.l3 

Athens, school at, in late antiquity, 2; archons 
at. used for dating, 12 n.18, 138(bis), 211, 
212, 213 

Augustus, Roman emperor, 11, 14; era of, 
168 

Autolvcus of Pitane, 6, 407 n. 189 

Avalite gulf, parallel through, 84, 84 n.27, 100 

Avienius, translation of Aratus by, 348 n.121 


Babylon: longitudinal difference of, from 
Alexandria, 191, 191 n.31, 207, 208; place 
of observation according to Ptolemy, 191, 
192, 206, 208, 211, 212, 213, 253; latitude 
of, 212 n.64, 638 n.65 

Babylonians: inventors of sexagesimal system, 
6. See also astronomy; calendar, obser¬ 
vations 


Bayer, Uranometria , 15 

Berenice, lock of, 368 n.223 

Bithynia, 134 n.9, 334, 334 n.69, 335 n.70; 

calendar of, 14, 334, 334 n.68 
Bockh, A., 14, 451 n.63, 502 n.63 
Borysthenes, riven parallel through mouths of, 
87, 87 n.49, 102, 122, 129, 285, 315; 
meridian through, 225 n.16 
Brahe, Tycho, 3 

Brigantium: parallel through, 88; identification 
of, 88 n.59 

Brittania, Great, parallels through, 88, 88 n.59, 
103 

Brittania, Little, parallels through, 88, 88 n.59, 
88 n.63 

Britton, J., viii, 135 n.12, 334 n.64 
By zantium, meridian through, 225 n. 16 

Calcidius, 257 n.66 

calendar, Baby lonian, 13. 452(bis), 541 
calendar, Bithvnian, 14. 334, 334 n.68 
calendar of Dionvsius, 13-14, 450(bis), 451, 
452, 464. 502^ 502 n.63, 522 
calendar, Egy ptian, 9, 10, 12, 13, 276 n.5; used 
bv Hipparchus, J3, 212, 214 n.72,215 n.74. 
224. 227, 230, 284. 421 n.ll. .SVe also 
Xabonassar, era of 
calendar, Julian, 14 

calendar, Kailippic, 12. See also Kailippic Cy cles 
calendar. Metonic, 12, 12 n. 18, 211 n.63 
Callimachus. Aetia fr. 10, 368 ’n.223 
Canobic Inscription: earlier than Almagest, 1; 
lunar mean motion in latitude in. 205 n.51, 
672 n. 14; deferences from Almagest in, 206 
n.52 

Canon Basileon, 10, 11, 340 n.91 
Carthage, lunar eclipse of -330 Sept. 20 
observed at. 75 n.3 

Caturactonium, parallel through, 88, 88 n.60 
centrum, meaning of, 22 
Cepheus mvth, 346 n. 115 
‘Chaidaeans’, 13, 452(bis), 541 
XqX.ai, consistently used by Ptolemy for constel¬ 
lation ‘Libra’, 371 n.l 

chord: no specific name for in Greek, 17; cal¬ 
culation of, 48-56, 48 n.50; of half-angle, 50 
n.59, -52 n.60; of third-angle cannot be 
found geometrically, 54, 54 n.63; of 1°, 54- 
6 

chord table, 57-60; norm of, 48, 48 n.51; 

accuracy of, 57 n.68. See also trigonometry 
chronology-, 9-14. See also calendar 
clima (tcAipa): explained, 19, 42 n.32; the 7 
climata, 19, 86 n.42, 87 n.50, 122 n.l06, 
286 n.25, 315 

colure, 83, 217; explained, 19 
Conon, mathematician and astronomer, 368 
n.223 

constellations. See star catalogue 
Copernicus, 3 
cosmology, 38-47 
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cubit, as astronomical measurement, 322 n.5, 
453 n.70 

culminating point, computation of, 104, 650 

culmination, explained, 19, 408 

cycles, calendaric. See Kailippic Cycles; Melon 

Darius I, king, 11, 206, 208 
day: various meanings of, 23, 169-70; epoch of, 
astronomical, 12, 170; epochs of, civil, 12; 
length of, computation of, 99, 649-50 
day, longest, used to characterise terrestrial 
latitude, 76-9, 83-9, 285, 638 
deferent, meaning of, 21 
‘demi degrees’, 8, 9, 26 
digit, as astronomical measurement, 322 n.5. 
See also area digits 

Dio Cassius, on Hadrian and Antinous, 357 
n. 160 

Diodorus of Alexandria, Analemma , 62 n.72 
Dionysius, astronomer, 450 n.59, 452 n.66. See 
also calendar of Dionysius 
Dionysus, 394 n. 129 

dioptra: Heronic, 227 n.20; four-cubit, 252,252 
n.52 

Domitian, Roman emperor, 11, 334 
‘double dates’, 12 

5popo<;, meaning of, 177 n.14, 224 n. 14 
duration of totality, 296, 296 n.53, 300-1; Greek 
term for, 22 


earth: sphericity of, 40-1; central position of, 
41-2; negligible size of, in relation to 
heavens, 43; motionless, 43-5: axial rotation 
of: denied by Ptolemy, 45; alfirmed by 
others, 44 n.41 

Eboudae, islands, parallel through, 89, 89 n.65 
eccentre, eccentric, meaning of, 21 
eccentric hypothesis: explained, 141; equival¬ 
ence of, to epicvclic hypothesis, 144-5, 144 
n.32, 148-51, 181, 188-90, 211, 556, 556 
n.3; preferred, 153, 442. See also planets, 
eccentric model for 

eccentricity, bisection of: demonstrated for 
Venus, 474 n.12; observational basis for, 
480 

eclipse limits, 277 n.8,282-7,287,289,290,290 
n.34, 291. 293 

eclipses: used to show earth’s sphericity, 40; 
used to determine longitudinal difference, 
75; tables for, construction of, 294-305; 
magnitude of, defined, 295; inequality of 
phases of, 309. See also area digits 
eclipses, lunar, 40, 42; simultaneous observation 
of, 75 n.3; basis of lunar theory, 173, 174, 
181; explained, 173; computation a 
305-9, 654; angles of inclination at: 
example, 317; computation of, from table, 
318-20 

eclipses, lunar, intervals between: 6 months, 
287; 5 months, 288-9; 7 months, 289-90 


eclipses, lunar, observations of: 

-720 Mar. 19 (Babylonian), 166 n.59, 191, 
191 n.30 

-719 Mar. 8/9 (Babylonian), 191,191 n.32, 

204, 208; used by Hipparchus, 205 n.51, 
309, 309 n.67 

-719 Sept. I (Babylonian), 192, 192 n.33 
-620 Apr. 21/2 (Babylonian), 253, 253 
n.56 

-522 July 16 (Babylonian), 253, 253 n.58 
-501 Nov. 19 (Babylonian), 208,208 n.60; 

used by Hipparchus, 208 
-490 Apr. 25 (Babylonian), 206, 206 n.53 
-382 Dec. 23 (Babylonian), 211-12; used 
by Hipparchus, 211 

-381 June IB (Babylonian), 212,212 n.67; 

used by Hipparchus, 212 
-381 Dec. 12 (Babylonian), 213, 213 nn. 

68, 69; used by Hipparchus, 213 » 

-330 Sept. 20 (in Geography), 75 n.3 
-200 Sept. 22 (Alexandrian), 214, 214 
n.71; used by Hipparchus, 214 
-199 Mar. 19 (Alexandrian), 214, 214 
n.73; used by Hipparchus, 214 
-199 Sept. 11/12 (Alexandrian), 215, 215 
n.74; used by Hipparchus, 215 
-173 May 1 (Alexandrian), 283, 284 n.21 
-145 Apr. 21 (Hipparchus), 133 n.8, 135, 
135 n. 14 

-140 Jan. 27 (Hipparchus), 284, 284 n.23, 
309, 309 n.67 

-134 Mar. 21 (Hipparchus), 135, 135 n. 14 
125 Apr. 5 (?Theon), 206, 206 n.54 

133 May 6 (Ptolemy), 198, 198 n.39 

134 Oct. 20 (Ptolemv), 198, 198 n.40, 

205, 205 n.51 

136 Mar. 6 (Ptolemy), 198, 198 n.41 
eclipses, solan affected bv parallax, 40 n.29, 
174, 243, 310; of-189 Mar. 14, used by 
Hipparchus, 244 n.38; annular, possible 
according to Hipparchus, 252 n.53; inter- " 
vals between: 6 months, 287; 5 months, 
290-1; 7 months, 291-3; 1 month, 293-4; 
computation of, 310-13, 654-7;'inequality 
of phases in, 312-13; angles of inclination 
at: example, 317; computation of, from 
tables, 318-20, 657; of 364 June 16, 
observed by Theon of Alexandria, 654-7. 
See also parallax, lunar; parallax, solar 
ecliptic: Greek terms for, 20; explained, 46-7; 
obliquity of: determined, 61-3, 61 n.69; 
according to Eratosthenes and Hipparchus, 
63, 63 n.75 

Egypt: observation of phases in, 638; lower, 
parallel through, 85, 101, 125, 638 n.65. 
See also calendar, Egyptian 
elongation, meaning of, 22 
emersion, meaning of, 22 
Empedocles, 40 n.26 

enlargement of heavenly bodies near horizon, 
apparent, 39 n.24 
etpcomq, meaning of, 374 n.13 
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Epicurus, Epicureans, 38 n.22, 39 n.23 
epicycJic hypothesis; explained, 141, 144, 
191 (for moon); equivalence to eccentric 
hypothesis, 144-3, 144 n.32, 148-51, 
188-90, 211, 556, 556 n.3; preferred, for 
moon, 181, 190; preferred, for planets, 442 
epiparallax, 295; computation of, 310-11, 311 
n.71, 656 

£rcicTrjf4aoiai, 283 n.18, 302 

epoch: of day, astronomical and civil, 12, 170; 

of Seleucid era, 13 
knoneva , e’k; ra, explained, 20 
equant; introduced on basis of trial and 
application, 422 n.15; origin of, 474 n. 12, 
480 n.24 

equation, astronomical meaning of, 21-2, 147 
n.36 

equation of time: reason for, 169-70; maximum, 
170-1; computation of. 171, 172 n.70, 230 
n.23,281,281 n.l 1,461 n.93,475 n. 15,479 
n.22, 484 n.32, 499 n.57, 520 n.12, 538 
n.31, 651-2 

equator, celestial, defined, 19, 41, 45, 45 n.44 
equator, terrestrial, parallel through, 82, 291, 
292 

equatorial armillarv, 133, 133 n.7, 134, 134 
n.12 

equinoctial points, defined 47 
equinox, position of within zodiacal signs, 90, 
90 n.70 

equinoxes, precession of See precession 
equinoxes, autumnal, observations of: 

-161 Sept. 27, 6 p.m., 133, 133 n.8 
-158 Sept. 27, 6 a.m., 133, 133 n.8 
-157 Sept. 27. noon. 133, 133 n.8 
-146 Sept. 26/7, midnight (Hipparchus), 
133, 138 

-145 Sept. 27, 6 a.m. (Hipparchus), 133 
-142 Sept. 26, 6 p.m. (Hipparchus), 133 
132 Sept. 25. 2 p.m. (Ptolemy), 168 
139 Sept. 26. 7 a.m. (Ptolemv), 138, 138 
n.21, 154, 154 n.47 
equinoxes, spring, observations of: 

-145 Mar. 24, 6 a.m. (Hipparchus), 134, 
135, 138 

-145 Mar. 24, 11 a.m. (Alexandrian), 134 
-144 Mar. 23, noon (Hipparchus), 134 
-143 Mar. 23, 6 p.m. (Hipparchus), 134 
-142 Mar. 23/4, midnight (Hipparchus), 
134 

-141 Mar. 24, 6 a.m. (Hipparchus), 134 
-140 Mar. 23, noon (Hipparchus), 134 
-134 Mar. 23/4, after midnight (Hip¬ 
parchus), 134, 135 

-133 Mar. 24, 6 a.m. (Hipparchus), 134 
-132 Mar. 23, noon (Hipparchus), 134 
-131 Mar. 23, 6 p.m. (Hipparchus), 134 
-130 Mar. 23/4, midnight (Hipparchus), 
134 

-129 Mar. 24, 6 a,m. (Hipparchus), 134 
^ 128 Mar. 23, noon (Hipparchus), 134 
+ 127 Mar. 23, 6 p.m. (Hipparchus), 134 


140 Mar. 22, l p.m. (Ptolemy), 138, 154, 
154 n.47 

eras. See Alexander of Macedon; Augustus; 

Nabonassar, Philip; Seleucid 
Eratosthenes: determined arc between solstices 
a s Hof the circle , 63, 63 n. 75; Geography of.\ 
63 n.75; standard meridian of, 225 n.l6; 
order of planets according to, 419 n.l 
Eratosthenes, pseudo-, 348 n.121 
errors, computational, in Almagest, 130 n. 108, 
211 n.62, 230 n.23, 237 n.30, 242 n.36,254 
n.60, 254 n.61, 284 n.23, 302 n.61, 305 

n.63, 333 n.63, 334 n.64, 335 n.70, 336 

n.75, 337 n.79, 570 n.40, 570 n.42, 574 

n.52, 580 n.70, 580 n.71, 596 n.102, 608 

n.32 

EcntEpav, Ttpoq, peculiar sense of, 600 n.13 
Eternal Tables. See Aeon-tables 
ETEpooKtcx;, 82 n.24, 85, 85 n.36 
Euandros, Athenian archon, 213 
Euclid: Elements , 2, 6, 24; I 4,447 n.47:118, 147 
n.37; I 19, 147 n.37; II 5. 489 n.43; II 6, 48 
n.52, 197 n.38; III 3. 558 n.4; III 7, 455 
n.80; III 8, 559 n.9; III 14,447 n.46; III 15. 
559 n. 10; III 27, 556, 561 n.13; III 35, 489 
n.42; III 36, 196 n.37: IV 15. 49 n.55; VI 
Def.3, 49 n.53; VI1,55 n.65,559 n.7; VI3, 
54 n.64, 55 n.66; VI 8, 52 n.61. 148 n.38; 
XIII 9, 49 n.54; XIII 10, 49 n.56; Data: 6, 
545 n.43; 7, 67 n.79: 8. 159 n.51. 545 n.42. 
545 n.43; 40, 159 n.50. 545 n.42: 43. 159 
n.52; Phaenornena 6 
Eudoxus, delined coiures, 19 
“Eudoxus’ papyrus, 177 n. 14 
Euktemon, 137, 137 n. 19, 138, 139 
eutovoi;, meaning of, 405 n.180 
“Exeligmos', lunar period. 175, 175 n.8 
extreme and mean ratio, 49. 49 n.53 


“fixed’ stars: terminology. 43, 43 n.35, 321: 
relative positions of unchanged, 321-7; 
alignments of observed: by Hipparchus, 
322-4; by Ptolemy, 325-7; declinations of 
observed: by Timocharis and Aristyllos, 
331, 332; by Hipparchus, 331, 332; by 
Ptolemy, 331, 332. See also occuitations; 
phase; precession; star catalogue 
Fortunate Isles, prime meridian of Geography, 
130 n.109 

fractions, Greek, 7; awkwardness of. 48 


Galen: used Hipparchus’ works, 1; on Seven - 
month Children , 1 n.l; Commentary on 
Hippocrates’ Airs Waters and Places, 1 n.l, 2 
n.2; alleged mention of Ptolemy an inter¬ 
polation, 2 n.2; On his own Books , 139 n.25 
Geminus, 175 n.8 
geography, Hellenistic, 82 n.20 
Gerard of Cremona, translation of Almagest 
by, 3, 4 
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Germanicus, translation of Aratus by, 348 
n. 121; scholion on, 350 n.131 
globe. See star-globe 
Glykon, serpent, 381 n.60 
gnomon: mentioned by Ptolemy, 42, 43, 80; 
shadow of, used to characterise terrestrial 
latitude, 76, 80-2, 82 n.20, 82-90; in¬ 
accuracy of this, 82 
Goldstein, B. R., 8, 419 n.2 
Greece, observation of phases in, 638 

Hadrian, Roman emperor, II, 168, 198(tcr), 
204, 247, 449(bis), 454, 455,456(bis), 469, 
470(bis), 471 (bis), 472, 484(bis), 507(bis), 
525(ter), 537, 651; and Antinous, 357 
n.I60 

Hajjaj, al-, Arabic translation of Almagest by, 
2, 4, 49 n.57,327 n.49, 334 n.66,348 n. 123, 
364 n.I93, 379 n.47, 442 n.37, 597 n.4 
Halma. N., vii, 224 n.14, 250 n.48, 451 n.63 
Hamilton, Norman T., I, 205 n.51, 206 n.52 
Handy Tables, 2 n.2, 10, 10 n. 16, 140 n.28,237 
n.30, 276 n.4, 292 n.44, 295 n.50,546 n.48, 
596 n. 102, 654 

yasan, al-, ibn Qiiraysh, translated Almagest 
into Arabic, 2, 341 n.96 
Hebudac, islands 89 n.65 
Heiberg, J. L„ 3, 4, 24, 28 n.2, 202 n.46, 

250 n.48, 252 n.51, 283 n. 19. 315 n.82 
Hellespont, parallel through, 86, 86 n.42, 102, 
127 

Hephaestion, astrologer. 374 n.13 
Heraclides of Pontos, 44 n.41 
Hercules, identilied with eyyovaotv, 348 n. 121 
Hermes, legend of, 349 n.130, 350 n.131 
Heron of Alexandria: dioptra of, 227 n,20: 
Dioptra . 337 n.78; Belopoeica, 405 n.180; 
Mechanics , 405 n. 180; Pneumalica , 405 n. 180 
Hervagius, produced editio princeps of Greek 
Almagest, 3 

Hipparchus: astronomical works of, lost, 1; used 
Kallippic Cycles inconsistently, 13, 214 
n.72, 224 n.13; used Egyptian calendar, 
13, 212, 214 n.72, 215 n.74, 224, 227, 230, 
284, 421 n. 11; Commentary on Aratus bv, 
15, 19, 63 n.75, 322 n.5, 361 n.172, 365 
n.204, 374 n.13, 391 n.114, 402 n.170; 
chord table of, 52 n.60; used Eratosthenes’ 
value for arc between the solstices, 63. 63 
n.75; treatise on geography bv, 63 n.75; on 
length of year^ 131, 132', 135, 139; 
discovered precession, 131, 321, 321 n.2; 
errors attributed to by Ptolemy, 132, 135, 
136, 178-9, 205, 211, 213, 215, 268, 
309-10; observations of equinoxes by, 133, 
134, 135, 137-8; did not observe at 
Alexandria, 134 n.9; observations of lunar 
eclipses by, 135, 284 n.23, 309, 309 n.67, 
327; a ‘lover of truth’, 131, 136, 421; 
assumed only one anomaly for sun and 
moon, 136, 309 n.68; observations ofSpica 


at lunar eclipses, 135, 327; showed that 
tropical year is less than 365i days, 136, 
139; thought predecessors’ solstice obser¬ 
vations crude, 137; used solstice observa¬ 
tions of Meton and Aristarchus, 139; 
solstice observation of, 139; determined 
sun’s eccentricity and apogee from season- 
lengths, 153; season-lengths according to, 
153, 156; determination of lunar mean 
motions by, 175-6,176n.l0,178,192n.34, 
309-10; dependence on Babylonian 
astronomy, 176 n.10, 322 n.5, 423 n.19, 
670; use o fSpdfioq by, 177 n.J4, 224 n.14; 
lunar eclipses used by, 178 n.17, 205 n.5l, 
208, 211, 212, 213, 214, 215, 309, 327; 
determined lunar anomaly from 3 eclipses, 
181, 181 n.24, 192 n.34, 215 n.75; 
discrepancies in his method of so doing, 
211-15; method of finding mean motion 
and epoch in lunar latitude, 205, 205 n.51, 
309-10; apparent diameter of moon and 
shadow according to, 205, 252, 252 n.53, 
252 n.54; lunar observations by, outside 
syzygies, 217, 217 n.2, 220, 224, 225. 225 
n.17, 227, 227 n.20, 230; suspected in¬ 
adequacy of simple lunar hypothesis, 217 
n.2; used 248-day lunar anomaly period, 
224 n.14; computations of parallax bv, 
224,227,227 n.21,230,230 n.22; ?adopted 
standard meridian from Eratosthenes, 225 
n. 16; used era of death of Alexander, 227, 
230; found maximum latitude of moon as 
5°, 237; used solar distance to find lunar 
distance, 243; used solar eclipse to find 
lunar distance, 244,244 n.38; ?found lunar 
distance as 59 earth radii, 251 n.49; 
criticised ‘ancient astronomers’, 252 n.51; 
observed apparent diameters with 4-cubit 
dioptra, 252; invented geometrical 
method of finding solar and lunar distances, 
254; parallax procedure of, 268, 268 n.82; 
investigated eclipse intervals, 294 n.47: 
uncertain about amount of precession, 
321, 328; reliability of lixed-star obser¬ 
vations of, 321; at first restricted preces- 
sional motion to zodiacal stars, 322, 329; 
observ ations of star alignments by, 322-5, 
322 n.3, 322 n.4, 324 n.26, 324 n.27; 
celestial globe of, 327, 327 n.48; longitudes 
of fixed stars recorded by, 327, 330 n.56; 
observation of Regulus by, 328; concluded 
that precession takes place along the 
ecliptic, 329; considered observations of 
‘school of Timocharis’ crude, 329; records 
of star positions by, 330, 330 n.56; star 
declinations observed by, 331, 332, 333; 
265-year interval between his and Ptolemy’s 
fixed-star observations, 333; differences 
from Ptolemy in describing constellations, 
340, 340 n.94,361; ?planetary observations 
of, 420 n.7, 672; did not construct a 
planetary theory, 421; showed that con- 
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temporary planetary hypotheses were 
wrong, 421; ‘computed’ planetary periods, 
423, 423 n.19; mentioned, 29 
Hipparchus: works mentioned in Almagest: 
‘On the displacement of the solsticial and 
equinoctial points’, 132, 321 n.2, 327, 
329; quoted, 133, 327 
‘On the length of the year’, 139(bis), 328, 
329; quoted, 139, 328 
‘On intercalary months and days’, 139; 
quoted, 139 

catalogue of his own writings, 139 n.25; 
quoted, 139 

‘On sizes and distances', 244 n.38,257 n.66 
On parallaxes’: Bk. I, 268; Bk. II, 268 
compilation of planetary observations, 420 
n.7, 421 n.9,421, 421 n. 11,452,452 n.66 
horoscopic degree, computation oK 104, 650 
‘horoscopic instrument’ 217 n. 1 
hours, equinoctial, 23; conversion of, to civil 
hours, 104 

hours, seasonal or civil, 23; computation of 
length of, 99, 649-50 

Hvades, bright star in (a Tau), used as sighting- 
star, 449{bis), 449 n.54, 454,454 n.78,456, 
473, 520, 538 

hypothesis, meaning of in Almagest, 23-4 


Ideler, J. L., 13, 214 n.72. 224 n.13, 451 n.63 
immersion, meaning of, 22 
inhabited world. See otKoupevq 
instruments, observational, 61-3, 61 n.70, 
133. 133 n.7, 134, 134 n.12, 217-19, 227, 
244-6. 252; eirorsdue to, 132, 134. See also 
‘astrolabe’ 

interpolation, coefficient of, 235-7,260-4,546- 
8, 622 n.41, 631. See also Almagest, inter¬ 
polations in 

Ishaq ibn Hunavn. Arabic translation of 
Almagest bv, 2, 4, 315 n.81, 342 n.99, 366 
n.211, 392 n.122 

Istros, river, parallel through, 87, 87 n.48 


Jupiter period and mean motions of, 424, 522- 
5, 669-72; alleged occultation of star by, 
522, 522 n.16, 658; retrograde arcs of, 569- 
72; northern limit of eccentre of, 598; ob¬ 
servational basis oflatitude theory of, 604; 
arcus risionis of, 639 
Jupiter, observations of: 

-240 Sept. 4 (PDionysius), 522, 522 n.16, 
658 

133 May 17 (Ptolemy), 507 

136 Aug. 31 (Ptolemy), 507 

137 Oct. 8 (Ptolemy), 507 

139 July 11 (Ptolemy), 520 


Kailippic Cycles 12-13, 139 n.24, 214 n.72; 
First, 12, 138, 139, 334, 335, 336, 337; 


Second, 12, 214(bis), 215; Third, 12, 133, 
134, 135, 137, 138, 139, 224, 284, 309, 328 
Kailippos, 12; length of year according to, 139; 
mentioned by Hipparchus, 139. See also 
calendar, Kailippic Cycles 
Kambyses, king, 11, 208, 253 
KataXdpJt£tv, 414 n.209, 470 n.8 
xevxpa, astrological meaning of, 408 n.190 
Kepler, 3 

Keskinto, inscription of, 422 n.12 
king-lists. See Canon Basileon 
icXipa. See clima 

KoXXqau;, astronomical meaning of, 407 n.187 
icoXXopopov, 346 n.118, 383 n.69 
Kunitzsch, P., 2, 4, 403 n.172 


lathe, used for instrument-making, 61, 217,405 
latitude: various meanings of, 19, 329 n.55; 

meaning ‘latitude or declination’, 21 
latitude, terrestrial, 75 n.4, 82, 82 n.22. See also 
clima 

Lepsius, R., 502 n.63 


Maiotic lake, parallel through, 87, 87 n.51 
Ma’mun, al-, Caliph. Almagest translated 
under, 2 

Manitius, K.. vii, 3 n.7, 7, 14, 15, 16,20, 75 n. 1, 
133 n.6, 135 n.12, 153 n.46, 215 n.75,222 
n.9, 224 n. 14, 250 n.48, 252 n.55, 271 n.85 
275 n.3, 451 n.63, 631 n.53 
Mardokempad, king, 10, II, 166n.59, 191 (bis), 
192, 204(bis), 309 

Mars: period and mean motions of, 424, 484 
n.33, 502-4,669-72; occultation oi star by, 
502, 502 n.63; retrograde arcs of, 572- 
5; northern limit of eccentre of, 597 n.5, 
598; observational basis of latitude theory 
of, 603; arcus risionis of, 639 
Mars, observations of: 

-271 Jan. 18 (PDionvsius), 502, 502 n.63, 
505 n.67 

130 Dec. 15 (Ptolemy), 484 
135 Feb. 21 (Ptolemy), 484 
139 May 27 (Ptolemy), 484 
139 May 30 (Ptolemy), 499, 657-8 
Massalia, parallel through, 86, 86 n.44 
paOqpaxiKOi, meaning of, 139 n.26 
mean motions, validity of, 137, 137 n.18 
mean speed, position of in epicyclic/eccentric 
hypothesis, 146, 146 n. 35 
Medusa, 352 n.140 

Menelaus, mathematician and astronomer, 18, 
69 n.84; chord table of, 50 n.59; used 
TptJtXfupov, 80 n. 14; observations ofeccul- 
tations by, 336, 338 
Menelaus Configuration, 18, 69 n.84 
Mercury: changes in Ptolemy’s hypothesis for, 
206, 206 n.52; transits of, 419 n.2: lack of 
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parallax for, 419-20, 420 n.4; special 
model for, 422 n.16. 444-5, 591 n.95; 
period and mean motions of, 424, 461-7, 
467 n.104, 669-72; apogee of, 449-53, 453 
n.74, 454; called Stilbon, 450, 450 n.59, 
464; double perigee of, 454-6; maximum 
elongation of, 454 n.76; computation of 
least distance as 55;34 p , 460,460 n.89,546; 
retrograde arcs of, 578-81; ‘missing phases’ 
of, 591, 641, 644-5; inclination ofeccentre 
of, 598; observational basis of latitude 
theory of, 601-2, 625; arcus visiohis of, 640 
Mercury, observations of: 

-264 Nov. 15 (PDionysius), 464, 464 
n.99 

-264 Nov. 19 (:'Dionysius), 464 
-261 Feb. 12 (PDionysius), 450, 659 
-261 Apr. 25 (PDionysius), 450-1 
-261 Aug. 23 (PDionysius), 452 
-256 May 28 (PDionysius), 451-2 
-244 Nov. 19 (Babylonian), 452 
-236 Oct. 30 (Babylonian), 452 

130 July 4 (Thcon), 4 56 

132 Feb. 2 .Ptolemy), 449, 455 

134 June 4 (Ptolemy), 449, 456 

134 Oct. 3 (Ptolemy), 454 

135 Apr. 5 (Ptolemv), 454 

138 June 4 (Ptolemy), 449-50. 456 

139 May 17 (Ptolemy), 461 

139 July 5 (Ptolemv), 456 

141 Feb. 2 (Ptolemy), 450, 456 
meridian, defined, 19, 47 
meridian line, 62, 62 n.72 
meridian ring, 61-2. 218 
Meroe: parallel through, 84, 84 n.30, 100, 122, 
122 n. 108, 123, 285, 315; meridian 
through, 225 n. 16 

peidtppevov, meaning of, 356 n.159 
Melon, 12, 137, 137 n.19, 138; cycle of, 12, 139 
n.24; length of year according to, 139: 
mentioned by Hipparchus, 139, 328 n.53. 
Sec also calendar 

Miletus, parapegma at, 13, 138 n.22 
Milky Way, location of, 400-4 
‘month’, meaning of, 175 n.6 
month names: Babylonian, 13 n.22; in Diony¬ 
sius’ calendar, 14; Egyptian, 9; Macedon¬ 
ian, 13 

moon: mean motions of, 175-80, 190; epochs of 
these, 204-5, 207-9; periods of, 175-6; 
Ptolemy’s corrections to Hipparchan mean 
motions of, 179, 179 n.I8, 204, 205-7; 
simple hypothesis of, 180-1; second 
anomaly of, 181, 217, 220-2; size of this, 
222-5; determination of maximum anom¬ 
aly and apogee of: by Hipparchus, 181, 
181 n.24, 211-15; by Ptolemy, 190-203; 
inclination of orbit of neglected, 191, 191 
n.29, 297-8, 298 n.55; determination of 
mean position in latitude, 205-9; apparent 
diameter of: according to Hipparchus, 205, 
252, 252 n.54; found from eclipse observa¬ 


tions, 252-4, 283-5; inaccuracies in this, 
254 n.62; computation of true position of, 
233-4; (from tables), 237-9, 652; maxi¬ 
mum latitude of, 237,247; size and volume 
of, 257, 257 n.66; velocity, computation of, 
282, 282 n.I5, 311; model of compared 
with Mercury’s, 443, 453 n.75; procedure 
for finding anomaly of compared with 
outer planets’, 484; table of, earlier version, 
631 n.53. See also Exeligmos; parallax, 
lunar; ‘Periodic’ 
moon, observations of: 

-127 Aug. 5 (Hipparchus), 224 
-126 Mav 2 (Hipparchus), 227 
-126 July 7,(Hipparchus), 230 
126 or 145 (Ptolemy), 246-7, 247 n.44 
135 Oct. 1 (Ptolemy), 247 
139 Feb. 9 (Ptolemy), 223 
139 Feb. 23 (Ptolemy), 328 
moon, observations of (star occultations): 

-294 Dec. 21 (Timocharis), 337 
-293 Mar. 9 (Timocharis), 335 
-282 Jan. 29 (Timocharis), 334 
-282 Nov. 9 (Timocharis), 336 
92 Nov. 29 (Agrippa), 334 
98 Jan. 11 (Menelaus), 337 
98 Jan. 14 (Menelaus), 338 
moon, observ ations of (as auxiliary in planetary 
observations): 

138 Dec. 16 (Ptolemy), 474 

138 Dec. 22 (Ptolemy), 538 

139 Mav 17 (Ptolemv), 461 
139 May 30 (Ptolemy), 499 
139 July 11 (Ptolemy), 520‘ 

See also eclipses, lunar 

'moon’ as unit of measurement, 450, 450 n.60, 
451, 464, 470, 470 n.9 
motion, daily, of heavens, 45-7 
motion, natural, 40, 43-4 
motions, primary, 45-7 

Nabonassar, king, 11; era of, 9,10,12,13,168, 
169, 172, 205, 205 n.49,205 n.51,207,209, 
212(bis), 213, 214,224,247,253,275,276, 
277, 283,284,334(bis), 335,335 n.72,336, 
337(bis), 338, 340, 340 n.91, 450, 451(bis), 
452(ter), 456 n.84, 461, 464, 467, 477,479, 
480, 502, 505, 522 n.17, 525, 541, 
543, 651, 652, 654, 655, 657, 658; reason 
for use of this in Almagest, 9, 166, 166 
n.59 

Nabopolassar, king, 11, 253 
Napata, parallel through, 85, 85 n.32 
veojiTjvia, 275 n.3 

Neugebauer, O., viii, ix, 18,273 n.87,405 n. 181, 
582 n.76, 637 n.63 
Newton, R., viii, 247 n.44, 669 n. 1 
Nicaea, Hipparchus born at, 134 n.9 
‘normal stars’, Babylonian, 453 n.70, 544 n.34 
vuxOtipepov, meaning and translation of, 23 
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observations. See eclipses, lunar; equinoxes; 
fixed stars; Jupiter; Mars; Mercury; moon; 
RcguJus; Saturn; solstices; sun; Venus 
observations, Babylonian, 9, 12 n.18, 13, 166 
n.59, 191-2, 206, 207, 208, 211, 212, 213, 
253(bis), 253 n.58, 420 n.7, 452(bis), 453 
n.70, 541 n.34, 637 n.64, 638 
occultations. .See Jupiter; Mars; moon; Venus 
oticoupEvrj: location of, 75, 82; meaning of r\ 
icaO’ ifaou; o’ucoopevq, 75 n.l; different 
oiKoupevat, 294 

oppositions, planetary, technical term lor, 484 
n.29 

ortive amplitude 77 n. 10 


Pappus: Commentary on Almagest bv, 2, 5, 219 
n.5, 244 n..>8, 244 n.39,245 n.4l, 246 n.43, 
252 n.51, 252 n.52, 252 n.55, 268 n.82,275 
n.3, 291 n.39, 292 n.44; Synagoge , 80 n.14, 
405 n.l80 

papvri, astronomical, 2 n.2, 10 n.l2, 140 n.27, 
177 n. 14, 224 n. 14, 422 n.12 
papyrus, standard formats of, 56 n.67. 140 n.28 
parallactic instrument: construction of, 244-6, 
244 n.39, 244 n.40, 245 n.41,246 n.42,246 
n.43; use oi; 246, 247 

parallax, lunar: trigonometry required for. 105, 
130 n. 108; errors in determination of, 136: 
complicates lunar observations, 173. 243: 
explained. 173: affects solar, but not lunar, 
eclipses, 173-4, 310; computation of, 223. 
223 n. 10, 227. 227 n.2l, 264-73, 310-1, 
328, 334. 335, 336(bis). 337, 338(bis), 461, 
461 n.93, 475. 499, 520, 538, 538 n.31, 
652-3, 655-6: theory of. 243-73: observa¬ 
tion of, 247-8; inaccuracies in, 251 n.49. 
260 n.69,264 n.73; ‘total’, 258-60; table ol, 
260-5; ellect on solar eclipse limits, 285-6; 
effect on intervals between solar eclipses, 
290-4; elfect on length of phases in solar 
eclipses. 312-3 

parallax, solar: uncertainty of, 243-4; used by 
Hipparchus to lind lunar distance, 243; 
‘total’, 258-60; calculation of, 266, 310-1; 
does not affect solar theory, 267, 267 n.80; 
effect on solar eclipse limits, 285 
Pedersen O., viii, 281 n. 12, 282 n. 15, 328 n.52, 
624 n.43 

perigee (rrEpiyeiov): Greek terms for, 22; special 
use of, for Mercury’, 22, 461 n.94, 630, 630 
n,50 

TtepiyeidTaTCx;, meaning of, 22, 461 n.94 
rrepiKaTriXTiyu;, 424 n.22 
Periodic’, lunar period 175, 175 n.7 
rcepiaKtcx;, 82 n.24, 89 n.67 
Perseus myth, 346 n.l 15, 352 n.140, 402 n.170 
Petavius, Dionysius, 451 n.63 
Peters*Knobel, 14, 15, 16 
Peurbach, See Regiomontanus 
Phaethon, myth of, 384 n.77 
Phanostratos, Athenian archon, 211, 212 


phase: meaning of, 22, 407 n.l89, 416 n.211; 
phases of fixed stars enumerated, 409-10; 
dilliculty of precise determination of, 416, 
420-1. See also eclipses, solar; visibility, first 
and last 

Philadelphos. See Ptolemy Philadelphos 
Philip (Arrhidaeus), era of, 10 n.16 
Philometor. See Ptolemy Philometor 
Phoenicia, parallel through, 86; used as norm 
lor planetary phases, 638 
planetaria, artificial, 601 
planets: names for, 21, 450 n.59; order of, 
419-20; order of in Planetary Hypotheses, 420 
n.4; two anomalies of, 420, 442; observa¬ 
tions of: mostly recent and unsatisfactory, 
420, cf. 450; types used by Ptolemy, 423; 
mean motions of, 423-6; periods of ‘cor¬ 
rected’ by Ptolemy, 423, 423 n.20; eccentric 
mode! for, 442 n.38, 555, 555 n.2; apogees 
of sidercally fixed, 443, 445: ‘eccentre 
producing the anomaly’ [equant], 443; 
description of models for, 443-5; inclin¬ 
ation of orbits negligible. 443, 597, 608. 
611, 616, 618, 622, 626. 628; computation 
of longitude of, from tables; 554, 657-8; 
models of with single anomaly, 555; retro- 
gradation, limit of, 559 n.8; latitude 
models of 599-600 

planets, inner: latitude theory for, 422 n.l6; 
Ptolemy's method of determining apsidal 
line for. 449 n.53; peculiarities of latitude 
theory of. 598. 599, 622-4; computation of 
latitude of, from tables, 635-6, 659. See also 
Mercury; Venus 

planets, outer; oliservational basis of theory for, 
480-4: peculiarities of latitude theory ol. 
from tables, 635, 658. See also Jupiter: 
Mars; Saturn 

plaque, for determining obliquity of ecliptic, 
62-3 

Plato, order of planets according to, 419 n.l 
Pleiades: occultations of, 334-5; length of, 469, 
469 n.3. 470 

Pliny, Xatural History , 89 n.65, 294 n.47 
plumb-line, 62, 63. 245 
Pollux, lexicographer, 374 n. 13 
Pontus, 122. 86 n.46; parallel through middle 
of, 86, 102. 128 
Porphyrius, 2 n.2, 407 n.187 
Posidonius, use of terms dptpimaoq etc. bv, 82 
n.24 

precession: effect of, 46 n.45, 132; discovered by 
Hipparchus, 131, 321 n.2; definition of, 
321 n.2; deduced from changes in declin¬ 
ation, 330-3; amount of: according to 
Hipparchus, 328; according to Ptolemy, 
328, 333-8 

precession-globe. See star-globe 
7tpiopa, astronomical meaning of, 407 n. 186 
Proclus, Hypotvposis , 252 n.51, 252 n.52, 640 
n.72 ‘ 

rtporiYoupeva, et$ xa, explained 20 
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progress in science, ancient idea of, 37 n. 11 
rcpoaveuaig, meanings of, 43 n.38, 227 n.19, 
313 n.77, 417 n.214. See also eclipses, lunar; 
eclipses, solar 

Ptolemais Hermeiou, parallel through, 85 
Ptolemv: life of, 1; Aristotelianism of, 35 n.4,36 
n.9 

works: 

Geography , 84 n.30, 87 n.57, 88 n.59, 89 
n.66, 130, 130 n.109, 191 n.3l,212n.64. 
335 n.69, 337 n.78, 638 n.65 
Optics , 39 n.24, 421 n.8 
Phaseis , 22, 134 n.9, 283 n.18, 417 n.213 
Planetary Hypotheses , 407 n. 186, 419 n. 2, 420 
n.4 

Tetrabiblos, 35 n.5, 283 n. 18, 417 n.214 
.See also Almagest; Canobic Inscription; 
Handy Tables 

Ptolemy Philadelphos, king, 11, 14, 477 
Ptolemy Philometor, king, 11, 283 
Ptolemy’s Theorem, 50 n.59, 52 n.60 
Pytheas of Massalia, 89 n.66 


ratios, operating with, 17-18 
rear 16; meaning of, 20, 340 n.93, 344 n. 110 
refraction, effect of. 135 n. 12, 246 n.43; Preferred 
to in Almagest, 421 n.8 
Regiomontanus, epitome of Almagest by, 3 
Regulus: observations of: bv Ptolemv (139 Feb. 
23), 328; by Hipparchus (-128/7), 328; 
used as sighting-star, 450, 454, 456. 461 
retardations of heavenly bodies, denied. 46 
Yetrogradation’, as translation of Ttpof)yr|Oi(;, 
20 

Rhine, river, parallel through mouths ol. 87 
Rhodes: parallel through, 86, 101, 126, 212 
n.64. 224. 227. 230. 292. 638 n.65; parallel 
through used as example. 76-9, 80, y2-4, 
97-9, 111-14. 120-2; observations at, bv 
Hipparchus, 224, 227, 230, 284. 284 
n.23; supposed to be on same meridian as 
Alexandria, 225, 225 n.16 
Riddell, R. C., 599 n.10 
ring. See ‘astrolabe’; equatorial armillary; 
meridian ring 

rising-times. See sphaera obliqua; sphaera recta 
Rome: observations at, 336. 337 n.79, 338; 
longitudinal difference of, from Alexandria, 
337 n.78 

Rome, A., 135 n.12, 246 n.43 


Sachs, A. J., 10, 253 n.58 
Salah, ibn as-, treatise on Almagest star 
catalogue by, 2 n.4. 341 n.95, 342 n.99, 
345 n.113, 380 n.54, 399 n.155 
Samuel, A. E., 13 n.22 
‘Saros’, 175 n.7 

Saturn: changes in Ptolemy’s hypothesis for, 
206, 206 n.52; period and mean motions of, 
424-6, 541-3, 669-72; retrograde arcs of. 
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562-9; northern limit of eccentre of, 598; 
observational basis of latitude theory of, 
604; arcus uisionis of, 639 
Saturn, observations of: 

-228 Mar. 1 (Babylonian), 541 
127 Mar. 26 (Ptolemy), 525 
133 June 3 (Ptolemy), 525 
136 July 8 (Ptolemy), 525 
138 Dec. 22 (Ptolemy), 538 
Sawyer, F. W., 449 n.53 
Scythian peoples, unknown, parallel through, 
89 

seasons, lengths of according to Hipparchus 
and Ptolemv, 153-4, 156 
Seleucid Era 13,'452 n.67, 453 n.70 
Seleucus I, king, 13 
series, convergent, 281 n. 12 
sexagesimal system, 6-7, 48 
shadow (of earth at lunar eclipse): apparent size 
of: according to Hipparchus, 205; according 
to Ptolemy, 254. 285; shadow-cone, 
distance to apex of, 257 
Shahpuhr I, Sassanian king, alleged translation 
of Almagest under, 2 
sign (of the zodiac), Greek terms for, 20-1 
simplicity: in hypotheses desirable, 136, 136 
n. 17, 153, 297, 600; in heavens different 
from on earth, 601 

Sirius: names of, 387 n.88, 405 n. 183; change in 
colour of, 387 n.88; as starting-point on 
star-globe, 405 

‘slant’ (Xo^coaiq): defined, 599; angle of com¬ 
puted, 625-7 

‘small circle’, mechanism for planetary lati¬ 
tudes, 599 n. 10, 600 
Smyrna, parallel through, 86 
Soene: parallel through, 85, 85 n.35, 101, 124; 

meridian through, 225 n. 16 
solstices: inaccuracy of observations of, 137; arc 
l>etween. See ecliptic, obliquity of 
solstices, observations ol: 

-431 June 27, ca. 6 a.m. (Meton and 
Euktemon), 137 n. 19, 138, J38 n.22, 
139, 139 n.23, 328 n.53 
-279 (Aristarchus), 137 n.19, 139 
-134 (Hipparchus), 139 
140 June 25, 2 a.m. (Ptolemv), 138, 139, 
154, 154 n.47 

other mentions of: by Hipparchus, 133; by 
Archimedes, 133; by Meton and 
Euktemon, 137; by Aristarchus, 137 
solsticial points, defined, 47 
sphaera obliqua : explained, 18; theorems con¬ 
cerning, 75, 82, 99-104; rising-times at, 
90-9; table of these, 100-3 
sphaera recta : explained. 18; rising-times at, 
computed, 71-4; table of these, 100 
spherics, 6 

Spica: observations of, by Hipparchus, 135; 
distance of, from autumnal equinox, 135, 
135 n.I4, 327; occultations of, observed, 
335-7; used as sighting-star, 452, 474, 499 



692 


Index 


‘star’, special sense of, 21, 37 n.18, 419 n.3 
star catalogue, Almagest: epoch of, 1, 340; 
constellations in, 14-16, 340; coordinates 
in, 16, 339; magnitudes in, 16, 339; identi¬ 
fications in, 16; mean error in, 328 n.51; 
arrangement of, 339-40, 341 n.95; men¬ 
tioned, 20 

star-globe, 15, 327, 327 n.48, 339, 339n.90,344 
n. 110; orientation of figures on, 15, 352 
n.139, 356 n.159; Famese, 346 n.118, 356 
n.159; construction of, 404-7 
station, planetary: uncertainty of observations 
of, 420-1; ancient observation of, 464 n.99 
Stilbon. See Mercury 

Strabo, Geography , 83 n.24, 225 n. 16, 322 n.5 
Sufi, as-, star catalogue of, 15, 348 n. 123 
sun: eccentricity and apogee of determined, 
153-5; apogee of fixed tropically, 153, 153 
n.46; epoch of mean motion of, 166-9, 172, 
172 n. 71; computation of longitude of, 169, 
651; apparent diameter of: according to 
Hipparchus. 252, 252 n.54; according to 
Ptolemy, 252-3; distance of, 255-7; size 
and volume of, 257, 257 n.66. See also 
equinox; parallax, solar; solstices; year 
sun. observations of: 

-127 Aug. 5 (Hipparchus), 224 
-126 May 2 (Hipparchus), 227 
-126 Julv 7 (Hipparchus). 230 
139 Feb. 9 (Ptolemv), 223 
139 Feb. 23 (Ptolemy), 328 
See also eclipses, solar: equinoxes: solstices 
sundials, reference to in Almagest. 39. See 
also gnomon 

auvtacis. meaning of, 546 n.48 
Swerdlow, N., ix, 252 n.53. 480 n.24 
Syene. See Soene 
Syrus, 35, 35 n.5, 321. 647 
syzygv: meaning of. 22; mean, computation of, 
275-81; true, computation of, 281-2. 308 
n.65, 654, 655: apparent, computation of, 
310-1, 655-6 


tables. Almagest: format and computation of, 
56. 56 n.67, 140, 140 nn. 27-8, 165-6, 165 
n.54, 180. 209, 234-7, 260-4, 275-7. 316 
n.83, 317-18, 426, 545-8. 583-7, 595, 
605-31. 646; use of 18-vear interval in, 56 
n.67, 140 n.28 

tables, pre-Ptolemaic, 420 n.6. See also Aeon- 
tables 

Taliaferro, R. C., vii, 599 n.10 

Tanais, river, parallel through mouths of, 87, 
87 n.57, 103 

Taprobane, parallel through, 83, 83 n.26 

Thabit ibn Qurra, revision of Ishaq’s translation 
of the Almagest by, 2, 4, 342 n.99, 366 
n.211, 379 n.47 

Theodosius ofTripolis, 6; Sphaerica, 82 n.23, 106 
n.90 

Theon. associate of Ptolemy, 206 n.54, 456. 


456 n.83, 469, 470, 471 
Theon of Alexandria: Commentary on the 
Almagest, 2, 5 n.8,35 n.6,38 n.22,39 n.23, 
40 n.25, 148 n.39, 654-7; edition of Handy 
Tables, 10; mentioned, 217 n. 1 
Theon of Smyrna, 257 n.66, 456 n.83 
Theophrastus, Historia Plantarum , 405 n. 180 
Thule, island: parallel through, 89; identifica¬ 
tion of, 89 n.66 
thyrsus, 394, 394 n.129 
time-degrees, meaning of, 23 
Timocharis; used Kallippic calendar, 12, 334, 
334 n.65, 336 n.74; observations bv at 
Alexandria, 12, 334. 334 n.66; fixed-star 
observations of, used by Hipparchus, 321, 
329; lunar eclipse observation of, used by- 
Hipparchus, 327; crudity of observations 
of, 329; star declinations observed by, 
330-2; occultations observed by, 334, 335, 
336, 337, 338 n.86; planetary observations 
by, 477, 479 nn. 21-2 
Tpqjicrca, meanings of, 62 n.73, 69 
Toledo. Almagest translated at, 3 
Trajan, Roman emperor, 11, 336, 338 
transits, Ptolemy’s opinions about, 419 n.2 
trigonometry, 5, 7-9; spherical. 64-9 
tp'utXeupov (spherical triangle). 80 n. 14 
triquetrum, 244 n.39. See also parallactic in¬ 
strument 

Troad, meridian through, 225 n.16 
tropical points, tropics. See solsticial points; 
solstices 

Tusi, at-, revision of Almagest translation bv, 
336 n.211 


OSpopETptov, vox rtihili, 252 n.51 
uniform circular motion posited, 140, 141 
u/cdpvqpa, meaning of, 37 n.12 


Vakva system, 224 n. 14 
van der VVaerden, B. L., 422 n.12 
Venus: transits of. 419 n.2; period and mean 
motions of, 424-6, 474-9,479 n.21,669-72; 
two different values for mean motion of, 
425 n.29, 671 n.ll; apogee of, 469-71; 
errors in dates of maximum elongations of, 
469 n.2; not source of equant model, 474 
n.12; alleged occultation of star by, 477 
n. 17; retrograde arcs of, 575-8; computa¬ 
tion of maximum elongation of, 588-91: 
inclination of eccentre of, 598; obser¬ 
vational basis of latitude theory of, 601-2, 
625; arcus visionis of, 640; peculiar phases of, 
641-4 

Venus, observations of: 

-271 Oct. 12 (Timocharis), 477, 477 n. 17 
-271 Oct. 16 (Timocharis), 477 
127 Oct. 12 (Theon), 470 
129 Mav 20 (Theon), 471 
132 Mar. 8 (Theon), 469 
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134 Feb.. 18 (Ptolemy), 472-3 
136 Nov. 18 (Ptolemy), 471 
136 Dec. 25 (Ptolemy), 470 
138 Dec. 16 (Ptolemy), 474 
140 Feb. 18 (Ptolemy), 473 
140 July 30 (Ptolemy), 469 
Vettius Valens: used Hipparchus’ work, 1 n.l, 
224 n.l4; mentions ‘Aeon-tables’, 422 
n.l2; mentioned, 407 n.l87 
visibility, first and last: defined, 407; of stars, 
413 — 17; of planets, 636-40. See also 
Mercury; Venus 


water-clocks, used lor astronomical purposes, 
252, 252 n.51 

wind-directions, 315, 315 n.79, 316 n.83 


Xenophanes, 38 n.22 
Xenophon, Memorabilia , 413 n.204 


year, length of, 131-40; invariability of, 132 
year, sidereal, 131, 132 
year, tropical: taken as basic by Ptolemy, 132; 
period of sun’s anomaly according to 
Hipparchus, 136; length of: according to 
Hipparchus, 139; according to Ptolemy, 
137, 139-40 


Zenodorus, mathematician, 40 n.25 




